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1\llSTHACT 
The H.Y.C. Pyritic Shale Member is composed of interbedded 
potassic bituminous pyritic shale, sedimentary breccia and tuff. The 
shaies contain dolomite nodules, dolomite concretions and black chert 
globules. The II. Y. C. Pb-Zn deposit, a sedi,nentary stratiform sulfide 
deposit, occurs at the base of the member :i.n the H. Y. C. sub-basin. It is 
postulated that the member was deposited in a saline lacustrine environ-
ment, which was subject to osnillations in water level. During periods 
of low water level the· area was emergent. 
The Cooley Dolomite Member, adjacent to the H.Y.C. sub-basin, 
:l.s a fault bounded block (the. Wester.n Fault Block) of Mara Dolomite. 
Between the Western Fault Block and the H.Y.C. sub-basin it is suggested 
that a talus brbccia was deposited, composed of dolomite clasts derived 
from the Western Fault Block. The contact between the Wester.n Fault Block 
and the talus breccia is delineated by a major syndepositonal fau'lt, the 
Western Fault. 
The tu££ beds and shale in the H.Y.C. sub-basin are composed of 
quartz, ferroan dolomite, K-feldspar, albite, calcite, illite, kaolinite, 
chlorite and sulfides. The non-sulfide minerals outline a mineral halo 
above the tt. Y. C. deposit. The halo .i.8 recognlzect by changes •71 th iucreas-
ing distance from the H.Y.C. deposit and Cooley Dolomite, by decreases 
in the: 
(a) K-feldspar to albite ratio 
(b) dolomite to calcite ratio 
(c) crystallinity of illite 
(d) pe1:centage alte1:ation of feldspm: to clay 
The mine1:al halo is consistent with solutions which travelled from east 
to west across the sub-basi.n, and with falling temperatures away from 
the H.Y.C. deposit. 
The chalcophiJ.e elements in the H. Y. C. deposit and in the shales 
above the deposit are zoned with respect to the ratios Pb/Zn, Cq/(Pb+Zn), 
. Cu/Zn, Ag/Pb, Fe/(Pb+Zn), As/Fe, Co/Spy (where Spy is the amount of sulfur 
in pyrite), Cd/Zn and Tl/Spy. The zonal distribution of the base metal 
sulfides in the lower orebodies is consistent with mineralization having 
formed from solutions which entered the li.Y.C. sub-basin at its north-
eastern corner and travelled in a southwestern direct:lon. The zonal 
distribution in the upper orebodies and the shales above the deposit, is 
consistent with mineralization having formed from solutions which entered 
the sub-basin along its eastern margin and travelled from east to west 
across the sub-basin. 
The zonal distribution and mineral textures of the sulfide and 
non-sul.f:id·e minerals in the H. Y. C. sub-basin indicate that they formed 
during an extended time period and/or from several pulses of solution with 
varying chemical com~ositions. The sulfide minerals are postulated to 
have formed during diagenesis below, but within about 100 meters of the 
sediment-water interface, and the non-sulfide minerals during diagenesis 
and ~lso a{ter depositjDn uf the e~t•re H.Y.C. Pyritic Shale Member. 
The chemical composition of t;te solutions anu the minerals in· 
equilibrium with the solutions, both in t~ne and space, changed as the 
aolutions travelled across the sub-basin away from the Cooley Dolomite. 
The major chemical changes in the solution(s) as they moved across the 
sub-basin were: 
(a) a decrease in the Cu/(Pb+Zn) ratio 
(b) a decrease in thR Pb/Zn ratio 
(c) a decrease in the K/Na ratio 
(d) 
(e) 
a decrease in the Mg/Ca ratio 
+ + . an increase in the K /H rat1o. 
The formation of the sulfide and non-sulfide minerals in the 
H.Y.C. sub-basin were integral parts of a multistage hydrothermal history, 
in which solutions d:l.scharged intermittently from the Emu Fault Zone and/or 
Cooley Dolomite over the time period encompassing the deposition of almost 
all of the ll.Y.C. Pyritic Sha],e Hember exposed in the !LY.C. sub-basin. 
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1-1 INTRODUCTION 
CHAPTER 1 
INTRODUCTION 
This thesis presents new information on the·nature and origin 
o£ the H.Y.C. Pb-Zn deposit, one of the largest known sedimentary 
stratiform Pb-Zn sulfide deposits. The deposit, containing 190 million 
tonnes of mineralized shale and siltstone with an average content of 
9.6wt.1. zinc, 4.4wt.% lead, 0.2wt.% copper and 44gms./tonne silver is 
middle Proterozoic in age, and is located in the north-east of the 
Northern Territory of Australi~ (Figure l..l), ;;tpproximately 700km south-
east of Darwin (N.T.). The H.Y.C. depos.it is one example of a class of 
sedimentary stratiform sulfide deposits that also include the Middle 
Proterozoic 1-Iount Isa, Hilton, Lady Lorretta and Dugald River deposits 
in north-west Queensland, the recently discovered Howards Pass deposit 
of Ordovician-Silurian age in Canada, and possibly the Proterozoic 
deposits at Broken Hili, New South Hales, and Sullivan, British 
Columbia, and the Permian Kupferschiefer deposits in Central Europe. 
1. 
Sedimentary stratiform sulfide deposits are a~ongst the largest 
deposits of Pb-Zn known. In Australia, for example, the deposits at 
Broken Hill, Mt. Isa and Hilton, and the so far unworked H.Y.C. deposit 
at HcArthur River,, contained approximately l10 million tonnes of lead and 
l1S million tonnes of zinc, prior to their exploitation. (Mathias and 
Clark, 1975; Johnson and Klinger, 1975; Oehler and Logan, 1977). These 
amounts of metal are sufficient· to meet the western world's curren~ annual 
requirements of lead for 20 years, and zinc for 11 years (World Mining 
1977), testimony t:o the economic importance of such deposits. 
The H.Y.C. deposit is rare amongst sedimentary stratiform Pb-Zn 
deposits in that it occurs in a section of sediments that are unmeta-
FIGURE 1-1 
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(8) Kalkarloon-Leichhardt Block (9) Mary Kathleen Shelf 
Mineralization (10) Lady Loretta 
(11) Dugald River (12) Mt. Isa 
2. 
morphosed and relatively unde ·formed; features which mean that 
sedimentary mineral textures and geochemical characteristics of the 
deposit have remained unaltered by processes other than diagenesis, 
making the deposit ideally suited to determining both primary features of 
sedimentary stratiform Pb-Zn deposits and 'the processes by which they 
form. 
1-2 REGIONAL GEOLOGY 
The Hco\rthur River district lies on the eastern margin of a 
r. 'rthwest trending belt of Hiddle Prot:erozuic Carpentarian-age (c.a. 1500 
m.y.; Plumb and Sweet, 1974) sedimentary rocks which extend from the 
Gulf of Carpentaria in the north to Mt. Isa in the south (Figure 1.1). 
The region also contains the sedimentary stratiform sulfide deposits at 
Mt. Isa, Hilton, Lady Loretta, and DugAld River (MAthias and Clark, 1975; 
Williams, 1979b), which are similar in appearance to thP. H. Y. C. depos.it. 
The sedimentary sequenue rests unconformably on a basement of 
late lower Proterozoic to early Carpentarian post-tectonic acid volcanics 
and granites, and is confo·rmably overlain by upper Proterozoic arenaceous 
sr.di.nentary rocks (Plumb and Derrick, 1975). The :o;edimentary sequence in 
the McArthur Basin is very similar to the sequence in the Mt. Isa Orogen 
(Figure 1.1), and on correlation of principal rock units are believed to 
be the same age (Plumb and Sweet, 1974; Plumb et al. , 197 9). 
The McArthur Basin (Figure 1.1) is a Proterozoic intracratonic 
basin, the geological evolution of which is described by Plumb and Sweet 
(1974), Plumb and Derrick (1975) and Plumb et al. (1979). The sedi-
mentary sequence (Table 1.1) in the basin is divided into the lower 
Tawallah Group, a sequence of quartz arenites and basic volcanics; the 
middle McArthur Group a sequence of shallow water carbonates; and the 
upper-most RopP.r Group, a quartz arenite and micaceous lutite sequence 
TABLE 1-1 
CARPENTARIAN STRATIGRAPHY 
McARTHUR BASIN, N.T. 
(1400 m.y. - 1700.m.y.) 
R0°ER GROUP (:::5.0 km) 
McARTHUR GROUP (:::5.5 km) 
TA\<IALI.AH GROUP ("'6.0 km) 
quartz arenites, ·with lutites 
and carbonates 
carbonates, with minor arenites 
and 1 uti tes 
quartz arenites, with basic 
volcanics, carbonates and 
lutites 
(Plumb and Derrick, 1975) 
3. 
(Plumb and Derrick, 1975· Plumb et al, 1~/9). 
'rhe HcArthur Group (Table 1. 2) is composed of interbedded 
carbonate (dolomite), red beds and quartz arenites with occasional 
lutites, sedimentary breccia, pyritic bituminous shale and tuff beds. 
The presen.ce of evaporite relicts, stromatolites, oncolites and flake 
breccias, indicate that a significant pa?t of the sequence was deposited 
in sabkha or saline lacustrine environments (Walker et al., 1977a). Thin 
beds of pink potash-rich mudstone, composed mainly of microcrystalline 
orthoclase occur over large areas of the HcArthur Basin, and at all 
stratigraphic level;; in the NcArthur Group (Brown et al., 1978). These 
beds, by analogy wi.th similar beds in the H. Y. C. Pyritic Shale Hember 
(Croxford and Jephcott 1972) and Coxco Dolomite Hember (HcKay, 1976) 
which contain abundant vitroclastic material, are bel.:.~ved to be tuff 
beds. 
The NcArthur Group is thickest (up to S.Skm) in the Batten 
Trough (Figure 1.1), a meridional elongate i~ult trough or ~ift, in 
the NcArthur Basin. The trough is bounded by the Arnhem, Caledon, 
Bauhinia and Wearyan Shelves, which are covered by a thin sequence of 
shallow ~ater carbonates and arenites similar to those occurring in the 
Batten Trough. These sequences are considered by Plumb et al. (1979) to 
represent only the lm·Jer part of the 1-k.Arthur Group, although direct 
correlations are not possible. 
1·-3 LOCAL GEOLOGY 
Several prospectivP. oreboaies have been outlined i.n the HcArthur 
River area along the eastern edge of the Batten Trough, in the shales and 
siltstones of the H.Y.G. Pyritic Shale Hember, and in brecciated 
dolomites of the Cooley Dolomite Hember and Hara Dolomite (Table 1. 2). 
5. 
SYSHH GROUP SUC·GROUP FORMATION MEMBER --TIIICKI/ESS --- GEIIERAL Ll TIIOLOn IES 
-------
~.'!!)_ 
Adelaldean Roper· 
-U-U-U--U-·U- -U-U- u--u-u-u-u -U-U-U-U-U-U-
Sandstones; sfltstuneSi minor conglomerates. 
u-u-u -u--u-u-u-u-u-u-u-u~u-u-u-u-
Slott I'm. 'C) 50 Massive and stromatolitic doloslorres; dolomitic 
•hale; gypsum and/or anhydrite pseudomorphs. 
-------
-u-u-
Srrrylhe Sandstone O·inO Quartz-chert sands tones i chert cong I omcra tes, 
1-U-U-U·-U- u-u-u-u-u-u-r -u-u-
-u-u-u-u-u-u-u-u-u-u-u-u-u--
Batten '-I ,000 
Sandstones and siltstones; "inor dolostones with gyp· 
sum and/or anhy frl te Pseudomorphs and cauliflower 
chert nodules a Iter anhydrite. 
u-u- 1-u-u-u-u- u-u-u-u-u-u- -u-u u-u-d-u-u-u-u-u-u-u-u~u-u--
Reward Dolomite 30·300 Dololutltes: dohrenltes; cherty stromatolitic do los tones. 
Shales rich in carboo- ~Brecciated (?talus) dolo· 
aceous matter, pyr-lte stones and stromatolitic 
H.Y.C.Pyrltlc Cooley o- 1\!o. dolomite, and K-spar; I rolostones: gypsum and/or Barney Creek Fm. Shale Dolomite 500 500 vitric tuffs: sedimentary anhydrite pseudomorphs; breccias; concordant Pb-Zn ml nor discordant Pb-Zn 
mineralization. mineralization. 
11-ro1~~.7 ~~ Tuffaceous and dolomitic shales: vitric tuffs.) 1 
-u-u-U-{1·- --u-u-u-u u-u- U U- ~~u-U-U----U-u-u--u--u-u-
Cox co Do I amite 15-80 MHsivc laminated ar,d stro~tol ftfc dolostone; gypsum 
Teena Doloml te 
and/or anhydrite ·pseudomorphs. 
McArthur 6-30 
Laminated dololutites; stromatolitic and Holltic 
dolostoncs: mudstones; ht\ltte casts. 
Carpentarian 
Mitchell Yard Dolomite 15-120 Thickly-bedded dololutites: brecciated dolostoncs: (?)solution i;ollapsc featcres. 
Umbolooga 
E1m1crugga 
Do1onri te Massive to laminated dololl!tltes and dohrcnites with 
Hara Oolom!te ,JQ0-500 stromatolites, onco'lites, 3olftes, gypsum and/or 
.1nhydrite pseudomorphs, and ha 11 te casts. 
Myrtle Shale 30-240 Red and grCen dolomitic s~t!les, siltstones, and arenites: halite casts. 
Tooganlnle Fm. Leila Sandstone 0·180 Quartz sandston·!si dolomitic sandStones. 
Oololutltes; dolarenites; stromatolitic dolostones; 
400-800 mudstone5; shales; gypsum and/or anhydrHe pseudo~ 
mar phs: ha 11 Le casts. 
Tatoola Sandstone 30-150 Quartzitlc and dolomitic sandstooes; dolomitic silt-stones; gypsum and/or anhydrite pseudomorphs. 
Oolol,utlles; li'lmin~~ted and stromatollc dOlostones; 
Amelia Do I omite 90-240 massive gypsum-pseudomorph beds; gypsum and/or 
anhydrite pseudomorphsi halite casts. 
Red and ·green do I omit i c sIlls tones i quartz arenItes i 
Ma !lapunyah Fm. 30-750 halite casts, cauliflower chert nodules after 
anhydritei barite concretions. 
Tawa lloh Sandstones; sl~tstonest conglomerales: basic. volcanics. 
- U- u- Unconformity 
TABLE 1-2 
Generalized stratigraphic succession in the McArthur River area 
(from Williams 1978o) 
1 
6 
The H.Y.C. Pyritic Shale Nember, host to the l!.Y.C. deposit 
and several smaller sedimentary stratiform Pb-Zn deposits, is restricted 
to the Bulburra Depression (Figure 1.2), an area of local subsidence 
bounded by en active median ridge on the west and a shelf line on rhe 
east (Nurray, 197 5). Tlte member is thickest along the eastern edge of 
th8 Bulburr~ Depression, where it occurs in a series of sub-basins 
separated by domes and/or fault blocks, of older McArthur Group sediments. 
The eastern '' "1!1dary of the Bulburra Depression abuts the Emu Fault 
(Figure 1.2), a major structural lineament in northern Australia that 
was intermittently active from Precambrian to Cretaceous times (Murray, 
1975). 
In the area adjacent to the H.Y.C. deposit, the Emu Fault Zone 
is delineated by a block of Mara Dolomile, bounded by the Emu Fault on 
the east and the Western Fault on the west (Figure 1.3). Th~ Emu Fault, 
a syndepos:i.Ltonal fault, contains borst blocks of Hasterton Formation 
(of the Tawallah Group), including the Gold Creek Volcanic Member which 
has been extensively altered by potassium metasomatism. The Western 
Fault is also e syndepositional fault and forms the eastern boundary 
of the Cooley Dolomite Member, which is interpreted as a talus breccia 
de;Josit derived from the adjacent block of Mara Dolomite (Figure 1. 3). 
1-4 HINERALIZATION 
There are two types of sulfide deposits at HcArthur River, 
dis.cordant and concordant (Figure ~ "":). The discordant deposits are 
typical Mississippi Valley-type sulfide deposits (Ohle, 1959) and consist 
of coarse ~rained Cu-, Pb-, and Zn-bearing sulfide minerals, occurring 
in cross cutting veins in the brecciated Cooley and Nara Dolomites, 
adjacent to the Emu Fault. Their setting and geological features are 
described by Murray (1975), Walker et al. (1977b) and Williams (1978a). 
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7 . 
The concordant deposits are typical sedimentary stratiform-type 
sulfide deposits (Stanton, 1972). Hineralization consists of fine grained 
(averaging about 5 mi.crons) sphalerite and galena with abundant pyrite, 
and forms conformable lenses in several suL-basins adjacent to the Emu 
Fault (Figure 1.4). In each of the sub-basins, mineralization occurs 
close to the base of the H. Y. C. Pyritic Shale !vlembe·r. Conformable 
mineralizatiun (the Ridge II deposit) also occurs at the top of the H.Y.C. 
Pyritic Shale Member in the H.Y.C. sub-basin (Figure 1.5), but is li~Lted 
in extent (Murray, 1975; Williams, 1978a). 
1-5 THE H.Y.C. DEPOSIT 
The 1-J.Y.C. deposit, located in the ll.Y.C. sub-basin (Figure 1.3 
and 1.5), is the largest sedimentary stratiform sulfide deposit in the 
NcArthur River area. 2 It has an nreal extent of 1. Skm and an average 
thickness of 55m, although slt.::::~':i.ng has resulted in local thickening and 
r!1inning of the lens. It has been folded and eroded along its western 
margin, which is covered by about 30m of black soil. The northern and 
eAstern margins J~terfinger with sedimentary slump breccia and talus 
breccia, and the southern margin grades into barren pyritic shnles of the 
H.Y.C. Pyritic Shale Hember ove·r a distance of several hundred metres. 
The shales are grey to black and thinly laminated to medium bedded, and 
the major constituents are quartz, orthoclase, ferroan dolomite, chlorite, 
kaolin, and illite. The average grain size is 15 to 20 microns (Croxford 
and Jephcott, 1972). The deposit is divided into eight orebodies 
(Hurray, 1975), numbered from bottom to top. lli''dever it can b·~ regarded 
as a single ore-bearing zone divi~ed by beds of relatively barren sedi-
mentary breccia (Figure 1.6). The No.1 orebody is seldom discussed in 
published reports on the deposit, due to its very restricted extent and 
low base metal content. However, it is an important orebody because it 
• Me Arthur 2 
.... -: ....... \ 
, , ,.rr·:'i-- ... _ ... .,., ",',' . .~,'~ 
-; ;-, -;1 Surface projeCtion 1•• • M~r:.tle 2 , , ••• , \ 
.• .• :.: ../ .... of tha majorsub-bosirl~\::/,... ~:.·:.·:::.--; ... _ , \ 
·containing aorney ck. - ,~·::::::: ·:r·:- ,~ 
Formation ,•'· MY~ 1 LE .'.'.' 
~.'<<· SUB-flASIN ·:•:r' 
4 I I I I I I I I 1 I 10 1 1 I 
,Jt I I I I I II I I I II 11 
, .............. . 
I'.,, ••• Ill •••• I I. \._._._ . .:~·,;-:-:·:·:-:·:·:·:<· \ 
\ \-:-:-:.:-:. :·:.: ·: 
FIGURE 1-LI 
N 
3km i 
loot I I I I I I I 
.. 'I I I I I I I If 
, .......... . 
,·,·.·.·.·.·.·.·.·.·.·.· 
I• •• I ••• I. I. 
,. I I I I I I I I 0 I I 
II 0 I I I I I I 0 011 
... ~ ... ~ ..... . 
.,. ......... . 
\'I I I I I I I It 
\I I I I I I I I I I 
\I I I I I I I I I I 
'I I o o o o • • o 
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unpublished Carpentaria Exploration Company maps and from 
Walker et al. 1977b). 
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can be correlated from the H.Y.C. deposit to a smaller low grade deposit 
in theW-Fold Wickens Hill sub-basin (Figure 1.4). 
Ahuve the economic hanging Hall (i·. e. 8 orebody) the mineralizecl 
horizon grades g:radually from ore grade (>J.L1wt.% Pb+Zn-) into background 
Pb-Zn values (about lwt.~~ I'b+Zn) over sevr::ral tens of mete:rs. The H.Y.C. 
Pyritic Shale H.;mber between the base of 2 orebody, (the economic footwall 
8. 
of the deposit) and the underlying W-Fold Shale Hember is weakly mtneralized, 
with grades oceasionally reaching lOwt.% Pb+Zn; and it is this interval 
which contains the number 1 orebody. There is a sharp decrease in 
sulfides (including pyrite) a· the boundary between theW-Fold Shale 
Hember and the H.Y.C. Pyritic Shale Hember (Lambert and Seott, 1973). 
The intervals between individual orebodies are referred to as 
the 2/3 beds, 3/4 beds, etc. (Hurray, 1975), corresponding to the number 
of the orebody below and above the particular interval. The 2/3 beds 
are very similar in appearance to the interval below 2 orebody and above 
the IV-Fold Shale Member. It is weakly mineralized (relative to the ore-
bodies) and is comprised of dolo:nitic pyritic shale with abundant·dolomite 
nodules and occ.as:i.onal dolomite concretions. Other intervals b1;!t1Veen 
orebodies are sedimentary breccia beds with occasional thin lenses of 
mineralized pyritic shale (Figure 1.6). 
The major sulfides in the deposit, in order of decreasing 
abundance are pyrite, sphaleri~e, and galena, with minor amounts of 
chalcopyrite, arsenopyrite, marcasite, chalcocite and covellite 
(Crcxford, 1968; Croxford and Jephcott, 1972). The sulfide textures 
have been described in detail by CroxfJrd (1968), Croxford and Jepcott 
(1972), c1nd Lambert (1976), and the textures of the similar Ridge II 
deposit (Figure l. 5) have been described by Willi~ms (1978a). Two main 
types oE pyrite are present indicating two periods of formation of this 
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mineral. Pyd te one, (Py1) consists of euhedral to rounded grains generally 
2 to 5 microns across. It occurs in beds and as framboids and is typ~cal 
of pyri~e formed diagenetically (Sweeney and Kaplan, 1973). Pyrite two 
(Py 2) is darker in colour and forms rims around Py1 and matrix to fram-
boidal Py1 . Py 2 is best developed in or directly adjacent to areas of 
significant base metal sulfide mineralization, but does occur at great 
distance from ore deposits. Sphalerite occurs as laminae, which in 
pyritic areas forms a matrix to Py1 and Py 2. Cbalcopyrite and galena are 
frequent inclusions in sphalerite. Galena, less abundant than sphalerite 
occurs as :Laminae and &s inclusions in sphalerite. 
The highest lead and zinc grades, about 30wt.% Pb+Zn occur in 
tlte stratigraphic centre (4 orebody) and base (2 orebody) of the deposit 
(Hurray, 1975). The highest copper, about 0.5wt.%, occurs jn the strati-
graphic centre of the deposit in 4 o·rebody and the top of 3 orebody; and 
the highest silver, about 120 gms./tonne occurs at the top of 4 orebody. 
Grades decrease towards the north and south of the sub-basin. 
A preliminary S-isotopic study of the dfposit has been made by 
Smith and Croxford (1973). 34 The ~ S values of sphalerite range from 
+3.3%oto 8.9%0 and of galena f• 
34 
' -1.2% 0 to +5. 7%~, \vith the 6. S betwePn 
'31.! 
sphalerite and galena relatively constant at about 4%o. The o S values 
of pyrite incre~se progressively but eratically from -3.9%oat the foot-
wall of the deposit, to +14.3%oat the hanging wall in the single vertical 
profile measured. The data show that pyrite is not in S-isotopic 
equilibrium with sphaleriteand galena, suggesting a dual sulfur source 
for the deposit. This data has been interpreted as indicating either 
another sulfur source for sphalerite and galena (Smith and Croxford, 
1973), or two different ore forming processes utilizing the same sulfur 
source (Williams and Rye, 1974). 
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The distribution of Pb isotopic ratios i.n the dep:>sit has been 
studied by Gulson (1975). He found that the lead from galena and sphaler-
ite ("ore" lead) is uniform in isotopic composition having rati.os that 
plot very close to the single stage 'growth curve' definec.l by o::her con-
formable Pb-Zn sulfide deposits, whereas the lead from pyrite is inhomo-
geneous and distinctly more radiogenic (i.e. richer in 206Pb) than the 
"0re" lead. He concluded that the pyrite lead is a mixture of at least 
two types: the "ore" lead and a more radiogenic variety. 
The carbon and oxygen isotopic systematics of the area have been 
studied by Smith and Croxford (1975) and Rye and Williams (1978). The 
o18o and o13c values of: dolomites from unmineralized H.Y.C. pyritic 
shales fall into a box on a o18o vs o13c plot in which c18o v·alues range 
from 17.2 to 25.6 permil and o13c values range from -2 to 0 permil. ·. 
Data from dolomites associated with the strat:Lf0rm mineralization from 
the H.Y.C. and Ridge II deposits (Figure 1-3 and 1-5) form a linear 
18 . 13 trend extending from a 0 0 value of 21 permJ.l and a o C \/Blue of -3. 5 
permil to e. o18c value of 24.7 permil and a o13c value of -1.8 permil. 
This extends the linear trend defined by the Hississippi Valley-type 
Cooley and Ridge deposits to higher o18o and o13c v.alues. The o18o and 
o13c values of dolomite clasts from the interore beds from the H.Y.C. 
deposit indicate that the clasts have partially reequilibrated, the 
o18o and o13c values plotting bet'.-leen the mineralized and unmineralized 
dolomites (Rye and Williams, 1978). 
The sulfur and carbon relations of the deposit have been 
described by Hilliams (1978b). He found that the frequency distribution 
of the S/C ratios in poorly-mineralized samples from the deposit is 
unimodal and nearly symmetrical, unlike that of S/C ratios in dl-
mineralized samples \>J"hich have a high modal S/C ratio and is asymmetrical 
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and positively skewed. He further showed that the asymmetry of the 
distribution is related to the presence of galenA, sphaler:i,te and pyrite 
(Py2), and used this information to test the various mineralizing models 
proposed for the deposit. 
1-6 THE PRESENT STUDY 
The origin of sedimentary stratiform deposits has been, and still 
is, a controversial topic and is generally ascribed to either syngenetic, 
diagenetic or ep:i.genetic processes. Because these terms mean different 
things to different people it is considered necessary, before examining 
the J-I.Y.C. deposit, to define their meaning as used in this thesis. For 
the purpose of this thesis I have adopt·ed the definitions of Tourtelot 
and Vine (1976). These are:-
118Ltngenetia - Hinerals deposited or formed simultaenously with 
the enclosing sediment." 
11DiageneUa - Post depositional formation of new minerals by 
equilibrium reactions between the original sedimentary rock 
constituents, both detrital and chemical, and interstitial 
fluids and gases from within the sequence. By implication, 
the elements making up the new minerals v1ere present in the 
sedimentary sequence at the time of deposition." 
and 
11Epigene·tiq_ - Post depositional formation of nev.' minerals, 
especially ore minerals, by chemical reactions between the 
original sedimentary rock constituents and solutions from an 
external source." 
The main difference between the syngenetic ~nd epigenetic models 
proposed for the formation of sedimentary stratiform sulfide deposits is 
the timing of formatiou of base metal sulfides: did they form at the 
sediment-water interface such that they are syngenetic (or possibly 
diagenetic), or did they form below the sediment-water interface in 
response to the introduction of metals and other constituents from an 
external source, such that they are epigenetic? Despite its excellent 
preservation and unmetamorpl1nsC:'d nature there is little agreement 
concerning the origin of the H.Y.C. deposit. Opinions are divided 
between two groups, a syngenetic group and an epigenetic group. The main 
statements of the syngenetic theory are those of Croxford (1968), 
Croxford and Jephcott (1972), Lambert and Scott (1973), Croxford et al. 
(1975), Hurray (1975) and Lambert (1976), and the main statements of the 
epigenetic theory are those of Williams and Rye (1974), Williams (1978a, 
1978b, 1979a, 1979b), and Rye and Williams (1978). The major published 
papers dealing with the H.Y.C. deposit, and their field of study are 
;;ummarisecl i.n Table 1-3. 
A serious weakness in the arguments used by both groups is that 
they are based on very fev1 daca. Those data that are used were collected 
from 4 diamond drili holes and one cross-cut into the orebody, and 5 
diamond drill holes away from the orebody, representing .a hifhly in-
adequate sampling of an orebody with an areal extent o[ 1. 5km2 and 
3 
containing 825,000m of rock. 
During the period of the development of the syngenetic and 
epigenetic models for the formation of the deposit, the author was 
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involved with a phase of development of the H.Y.C. deposit that afforded· 
an excellent opportunity to gain new information about the deposit. The 
pro\raJT>.:;-,e involved the supervising and detailed logging of 14 new diamond 
drill holes and two underground cross-cuts through the deposit. The new 
information revealed by this work also necessitated the relogging and/or 
reinterpretation of most of the previous diamond and percussion drill 
TABLE 1-3 
Published Papers 
1) H.Y.C. Lead-Zinc-Silver Ore 
Deposit, McArthur River (Cotton, 
1965) 
2) A Mineralogical Examination of 
the McArLhur Lead-Zinc-Silver 
Deposit (Croxford, 1968) 
3) The McArthur Lead-Zinc Silver 
Deposit-, tLT. (Croxford and 
Jephcott, 1912) 
4) Implications of Geochemical 
Investigr.tions of: Sedimentary 
Rocks within and around the 
HcArthur Zinc-Lead-Silver 
Deposit, Northern Territory 
(Lambert and Scott, 1973) 
5) Carbonaceous Hatter in Sulphide 
Ores from Ht. Isa and HcArthur 
River, : An Investigation using 
the Electronprobe and the 
Electron Hicroscope (Saxby and 
Stephens, 1973) 
6) Sulphur Isotope Ratios in the 
HeAr thur Lead-·Zinc-S il ver 
Deposit (Smith and Croxford, 
1973) 
7) Alternative Interpretation of 
the Sulphur Isotope Ratios in 
the HcArthur Lead-Zinc-Silver 
Deposit (Hilliams and Rye, 
1974) 
8) An Isotopic Investigation of: 
the Environment of Deposition 
of the McArthur Hineralization 
(Smith and Croxford, 1975) 
9) Differences in Lead Isotope 
Composition in the Stratiform 
McArthur Zinc-Lead-Silver 
Deposit (Gulson, 197 5) 
10) The HcArthur Deposit : A review 
of the Current Situation 
(Croxford, Gulson and Smith, 
197 5) . 
Area of Study 
Base metal mineralization 
Nineralization and host sediments 
of: the H.Y.C. Deposit 
Base metal mineralizaLion, 
mineralogy and chemistry of the 
H. Y. C. Depos.it 
Geochemistry of the Barney Creek 
Formation 
Carbonace.~s matter 
Sulfur isotopes 
Sulfur isotopes 
13. 
Oxygen, carbon and sulfur isotopes 
Lead isotopes 
A review of the genesis of the 
H.Y.C. Deposit 
11) Carbon Contents of Sedimentary 
Rocks wlthin and around 
McArthur Zinc-Lead-Silver 
Deposits, Northern Territory 
(Lambert and Scott, 1975) 
12) Results of Analyses of Rocks 
from the McArthur Area, Northern 
Territory (Corbett, Lambert and 
Scott, 1975) 
13) McArthur River H.Y.C. Lead-Zinc 
and Related Depos!ts, N.T. 
(Murray, 1976) 
14) The McArthur Zinc-Lead-Silver 
Deposit : Features, Metallo-
genesis and Comparisons with 
Some Other Stratiform Ores 
(Lambert, 1976) 
15) Evidence of Hajor Sulphate 
Evaporite Deposits in the 
Proterozoic HcArthur Group, 
Northern Territory, AustraliR 
(Walker, 11uir, Diver, Williams 
and Wilkins, 1977) 
16) Microfossils, Cherts, and 
Associated Mineralization in 
the Proterozoic McArthur 
(l-l. Y. C.) Lead-Zinc-Silver 
Deposit (Oehler and Logan 1977) 
17) Microflora of the U.Y.C. 
Pyritic Sha'le Member of the 
Barney Creek Formation (McArthur 
Group) Middle Proterozoic of 
Northern Australia (Oehler, 
1977) 
1~) Recent Geological Advances 
~oncerning the H.Y.C. and 
Associated Deposits, McArthur 
River, N. T. (Walker, Logan and 
Binnekamp, 1977) 
19) The Proterozoic Barney Creek 
Formation and so~e Associated 
Carbonate Un:lts of the McArthur 
Group, Nortl1ern Territory 
(Brown, Claxton and Plumb, 1978) 
20) The Timing of Emplacement of 
Sulphide ~linerals into the H.Y.C. 
Pyritic Shale Hember at McArthur 
River, N.T. abs. (Hilliams, 1978) 
Correction of data presented 
in paper (4) 
Tables of geochemical data 
Base metal mineralization and 
genesis of the H.Y.C. Deposit 
A review paper 
Evaporites 
Microfossils, base metal 
mineralization and chert of 
the H.Y.C. Deposit 
Microfossils 
Base metal mineralization and 
stratigraphy 
Stratigraphy of the McArthur 
Group 
14. 
Dolomite concretions, pyrite and 
base metal mineralization of the 
H.Y.C. Deposit 
21) Stable Isotope Geochemistry of 
the McArthur River Ore Deposits: 
J,n Epigenetic Sedimentary-type 
Pb-Zn Depos:Lt (Rye and Williams, 
1978) 
22) Studies of the Base Metal Sulfide 
Deposits at McArthur River, 
Northern Territory, Australia : 
I The Cooley and Ridge Deposits 
(1.Jilliams, 1978) 
23) Studies of the Base Metal Sulfide 
Deposits at McArthur River, 
Northern Territory, Aus tral:La : 
II The Sulfide-S and Organic-C 
Rela ti.onsl,-Lp of the Concordant 
Deposits and their Significance 
(Hilliams, 1978) 
24) The timing and mechanisms of 
formation of the Proterozoic 
Stratifo'm Pb-Zn and related· 
Mississippi Valley-Type Deposits 
at McArthur River, N.T., 
Australia (Williams, 1979) 
25) Precambrian mineralization in 
the HcArthur-Cloncurry region, 
with special reference to 
stratiform Pb-Zn deposits 
(Williams, 1979) 
Cm:bon and oxygen isotopes 
~ase metal mineralization 
Base metal mineralizatiou and 
genesis 
A revie1o1 paper 
A reviel·i paper 
15. 
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holes into the deposit. In addition to the H.Y.C. study the author 
was involved in the drilling <Jf 23 diamond drill holes into the 1-l-Fold-
\olickens-Hill deposit (Figure 1-4), a small Pb-Zn deposit at the same 
stratigraphic level as the H.Y.C. deposit, and 8 diamond drill hples away 
from economic mineralization, but into the stratigraphic equivalent of 
the host sediments to the H.Y.C. deposit. 
The ne1v information, its interpretation, and its significance 
concerning the origin of the H.Y.C. deposit are presented in the following 
chapters. The new data bas allowed the stratigraphic sequence through the 
H.Y.C. Pyritic Sh3l8 Me~ber to be documented in detail and has produced 
new insignts in to the depositional environment of the member, and these 
findings are presented in Chapter 2. Chapter 3 presents new data on 
mineral habits and mineral compositions from the tuff and shale beds in 
the H.Y.C. Pyritic Shale Hember. These data have also enabled the mineral 
and chemical zoning trends associated with the H.Y.C. deposit to be 
ascertained. These are discussed in Chapter 4 (non-sulfides) an~ 
Chapter 5 (sulfides). The study has led to the unexpected discovery that 
the orel"ody is surrounded by a mineralogicaJ. halo and is chemically zoned 
internally. The patterns are similar to alteration halos a~d chemical 
zoning which characterize hydrothermal ore deposits. The mechanism of 
formation of these paLterns are discussed in Chapter 6, and the implica-
tions of these features to the processes of formation of Pb-Zn stratiform 
deposits are discussed in Chapter 7. 
CHAPTER 2 
THE BARNEY CREEK FORHATION - ITS GEOLOGY AND DEPOSITION 
2-1 INTRODUCTION 
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The Barney Creek Formation (as defined by PlHmb and Brown, 1973) 
is divided into three units, theW-Fold Shale Hember, the H.Y.C. Pyritic 
Shale Hembe1: and the Cooley Dolomite }lember (Table 1-2). It is under-
lain by the Teena Dolomite, a shallow water dolomite (Halker et al., 
1977a) and overlain by the Reward Dolomite, a shaley dolomite and 
dolomite sequence, also of shallow water origin. Local disconformities 
commonly occur at the top and bottom of the formation, and between 
individual members of the formation. 
Very rarely does the formation crop out, and all the data 
pertaining to its nature are therefore from drill hole intersections. 
The formation is thickest (approximately lkm) and best known adjacent 
to the Emu Fault, in the area around the H.Y.C. deposit, where it occurs 
in a series of sub-basins separated by domes and/or fault blocks of older 
McArthur Group sediments that formed in response to movement along the 
Emu and associated fauHs (Figures 1-3 and 1-4). The formation thins 
rapidly away from tha H.Y.C. deposit. 
2-·2 \•I-FOLD SlL,LE Hill1BER 
The H-Fold Shale Hember, the lower unil of the Barney Creek 
Formation (Table 1-2), consists of tuffaceous shales and siltstones 
which become more dolomitic away from the H. Y. C. deposit (Brown et al., 
1978). It is underlain by the Coxco Dolomite Hember of the Teena 
Dolomite, and is overlain by the H. Y. C. Pytaic Shale Hember. Local 
disconformities commonly occur at the top and bottom of: the member and 
occasionally it is completely missing from the sequence, a relationship 
which is developed over or on the flanks of present day (and possibly 
18. 
Precambrian) structural highs. Betwe~P the Emu Plains sub-basin and the 
H-Fold sub-basin (Figure 1-4) the member is missing and the contact 
between the Coxco Dolomite Hember and the H.Y.C. Pyritic Shale Hember is 
marked by a poorly-developed sol~tion collapse breccia and a pebble 
conglomerate. 
In the area around the H.Y.C. deposit, two distinct facies are 
recognized. The first occurs below thicker intersections of the H.Y.C. 
Pyritic Shale Hember, and consists of interbedded laminated dark green 
and weakly bituminous potassic dolomitic shales and fine grained red 
siltstones. The major components of the green shales are quartz, 
K-feldspar, dolomite, illite, chlorite and kaolinite. Bituminous laminae 
and wisps frequently parallel. bedding and rare quartz and K-feldspar 
fragments, up to 0.25mm, are scattered throughout the sediment. Shards 
occur throughout the mewber but are concentrated in massive 'cherty' 
horizons, that are best developed towards the top of the member. Small 
(up to lOmm) dolomite nodules are common, and distort the lami::1ae. The 
notlules, \vhich are discussed later in more detail, are morphologically 
very similar to anhydrite nodules formed during diagenesis in sediments 
deposited under shallow water, arid conditions, and may be pseudomorphs 
after anhydrite (Shearman, 1966). In the H.Y.C. sub-basin, pink 
dolomite concretions elongated parallel to bedding are common jn the 
member (Plate l). They are up to 6cm in length and enclose and off-set 
original bedding, indi~ating they are diagenetic in origin. The major 
components •_;f the interbedded red s:i.lts tones are quartz and dolomite 
with some K-feldspar, illite,kaolinite and hematite, and the average 
grain size is less than 20 microns. Anhedral and euhedral dolomite, up 
to O.Smm acruss, form beds and lenses. The euhedral dolomite is best 
developed in the less carbonate-rich areas. Rare quartz, K-feldspar and 
Plate 1 
Plate 2 
PlatE: J 
Diagenetic dolomite concretions enclosed in dolomitic shale 
from the W-Fold Shale Member. (H.Y.C. decline adit, western 
edge oi the H.Y.C. sub-basin). Shale laminae pass through 
the concretions indicating that the concretions grew after 
shale deposition. Shale laminae are also dj.storted around 
the concretions, indicating that the concretions grew prior 
to compaction of the shale. Sample is 8.5cm wide. 
Unmineralized H.Y.C. Pyritic Shale consisting of interbedded 
strongly pyritir shale and weakly pyritic dolomitic shale, 
!LY.C. sub-basin. (Drill hole M20/02, 33.7m). Pyrite 
laminae (light grey) are composed of diagenetic euhedral 
pyrite crystals (Py1); shale laminae (dark grey) are 
composed of quartz, feldspar, ferroan dolomite, clay 
minerals, organic carbon and minor sulfides. Sample is 
3.5cm wide. 
Contorted, squeezed and disrupted mineralized shale located 
at the base of an interore bed breccia, H.Y.C. deposit 
(drill hole N27 I 63, 282. Om). Hineralized shale (dark grey) 
is mainly composed of pyrite, sphalerile and galena, which 
has been contorted and squeezed around dolomite clasts (light 
grey). Remnant bedding is visible (in the top centre of 
the. plate), the black laminae are unmineralized dolomitic 
shale and the dark grey laminae are mineralized shale. 
Width of plate is Scm. 
Plate L, 
Plati'! 5 
Plate 6 
Diagenetic dolomite concretion, Lower Dolomitic Shales, 
H.Y.C. Pyritic Shale Hember, H.Y.C. sub-·basin (l!.Y.C. 
decline adit, western edge of the H.Y.C. sub-basin). Original 
shale laminae are preserved inside the concretion, indicating 
that the concretion grew after shale deposition. The sample 
has been stained with potassium ferricyanide, highlighting 
the concentric distribution of Fe in the dolomite. The 
concretion is lOcm wide. 
Black chert globules and fragments from the mineralized 
horbon, H.Y.C. deposit (H.Y.C. decline adit, western edge: 
of the H.Y.C. deposit). The black chert (black) contains a 
diverseassembl:1ge of microfossils, and is rimmed by 
sphalerite (light grey). The black chert typically occurs 
in siliceous shale beds containing discontinuous laminae of 
coarse galena (\vhite). The laminated sediments at the bottom 
of the plate are grhded beds. Width of sample is 3.2cm. 
Nodular dolomite, in a contorted ~atrix of potassic bituminous 
dolomitic shale, Lower Dolomitic Shale, H.Y.C. Pyritic Shal~ 
Member, H.Y.C. sub-basin (drill hole N27/63, 389.5m). The 
shales (dark grey and black) were contorted during the 
diagenetic growth of the dolomite nodules (light grey), wHich 
may have had a sulfate precursor. The 'skull'like nodule 
at the top of the plate is 0. 8mm across. (Thin section, 
plane polarized light). 
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lHhic fragments, up to 0.25nll]l across, are scattered throughout the 
siltstones. 
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The sec0nd facies of: the member consists of: thinly bedded to 
massive pink and pale green dolomites. In thin section, these consist 
almost entirely of dolomite with minor illite. In contrast to the first 
facies type, it occurs in areas which are overlain by poorly developed 
or only weakly pyritic H.Y.C. Pyritic Shale Hember, usually arollnd the 
margins of: present day sub-basins. 
The H-Fold ShF.le Hember bridges the gap from carbonate 
(dolomite?) sedimentation of the Coxco Dolomitt> Hember to the shale and 
breccia sedimentation of the H.Y.C. Pyritic Shale Member. The thickest 
and least carbonate rich intersections, correspond to areas be~eath 
present day sub-basinn, suggesting that the areas were zones of rapid 
subsidence and sedimentation, located between areas of: thinner carbonate 
deposition. 
2-3 H. Y. C. PYR1TIC SHALE HEl>lBER 
The ll. Y. C. Pyritic Shale Hember, the up;Jer unit of the Barney 
Creek Formation, overlies the 1-1-Fold Shale Hember and is overlain in 
turn by the Reward Dolomite. Laterally it merges with and interfingers 
with, the Cooley Dolomite Hember, especially adjacer,t to the Emu Fault 
Zone. It thins rapidly westwards away from the fault zone, and is 
restricted to the Bulburra Depression (Murray, 1975). In areas of 
present day structural highs, it rests unconformably on the Coxco 
Dolomite Nember. 
The member is composed of interbedcled bituminous, pyritic and 
dolomitic shales, tuf:f:s and sedimentary breccia. The shales contain 
dolomite nodules, dolomite concretions and fragmented black chert layers. 
The member is host to the H.Y.C. deposit, the Ridge II Pb-Zn deposit 
20. 
aod the W-Fold/Wickens Hill Pb-Zn deposit (Figures 1-3 and 1-4). 
The area where the member is most studied and where the most 
data are nvailable at HcArthur River is the 1-!.Y.C. sub-basin (Figure 1-4). 
The chemistry and mineralogy of the H.Y.C. deposit and the host sediments 
have been described by Croxfonl (1968) and Croxford and Jephcott (1972), 
while the geochemistry of the shales in and around the deposit has been 
studied by Lambert and Scott (1973, 1975). Williams (1978a) described 
the mineralogy and chemistry of the shales at the Ridge II deposit. 
The following description of the H.Y.C. Pyritic Shale Member is 
for the sequence in the 1-l.Y.C. sub-basin. As the member does not crop 
out, data and interpretations are from dimri0.1d and percussion drill holes. 
2-3.1 The R.Y.C. Sub-Basin 
2-3 .1. a Shale 
Grey to black thinly laminated to medium bedded shale is the 
dominant lithology of the member and forms the host to major sulfide 
mineralization. The main constituents are quartz, K-feldspar, ferroan 
dolomite, chlorite, kaolin and illite with an average grain size of 15 
to 20 microns (Croxford and Jephcott, 1972). This study has also 
identified signiEicant amounts of albite and calcite (see Chapter 3). 
Bituminous matter is plentiful, with organic carbon reaching a maximum 
of 4.8% (Lambert and Scott, 1975). Pyrite is ubiquitous, varying from 
trace amounts to essentially pure, massive bedded pyrite (Plate 2). 
The pyrite occurs as layered or disseminated euhedral to rounded grains, 
and occasionally as framboids. Sphalerite and galena are widespread. 
Detaileod descriptions of sulfide textures are given by Croxford (1968), 
Croxford and Jepbcott (1972), Lambert (1976), and \Villiams (1978a), and 
some new data are presented in Chapter 3. 
21. 
Penecontempuraneous slump structures, and blind faulting are 
common features, and sediments below breccia horizons are frequently 
contorted and often sequeezed between the basal clasts of overlying breccia 
beds (Plate 3). Post consolidation fractures frequently disrupt the 
shales. These are filled by coarse grained ferroan dolomite, quartz, 
K-feldspar, albite, sphalerite, galena and pyrite. Occasionally calcite 
and, on one occasion, fluorite and siderite ~ave been recorded. 
Within the sub-basin two major patterns of shale sedimentation 
are evident. The first, which characterises shale and tuff intervals 
below 3 orebody and above 5 orebody, is a thinning outwards from the 
central area of the sub-basin towards the northern, southerQ end western 
margins of the sub-basin. Figure 2-2 is an isopach map for a typical 
shale interval from this zone. The pattern occurs in the majority of 
shale and tuff intervals from the zone although the thickest inter-
section from any particular interval wanders from north to south along 
the eastern margin of the sub-basin. Exceptions to this pattern do occur, 
but as shown in Figure 2-3, an isolith map of the shale facies from the 
top of the mineralized horizon to the Dolomite Hark.er (Figure 2-8), the 
pattern is the dominant feature of sedimentation, despite the presence 
of sedimentary slump breccia in the north of the sub-b;;~sin (section 
2-3.1. e). Two drill holes (P23/48 and P2J./Lt8; Figure 2-1) 
along the eastern margin of the sub-basin intersected a thin sequence of 
shale between the W-Fold Shale Member and Lhe Upper Stylolite Marker. 
In addition the mineralized horizon consists of only a few meters of 
weakly mineralized shales. It is difficult to .draw firm conclusions 
from data in two widely spaced drill holes, but the features above 
suggest that deposition along the eastern margin of tl.te sub-basin, 
immediately adjacent to the Cooley Dolomite, was less than in the centre 
• 009/i3 
N 
500m 1 
FIGURE 2-1 H.Y.C. sub-basin, interpretative surface geology and diarr.ond 
drill hole locations, after east-west unfolding. The Emu 
J7ou.Lt is located approximately lkm easr: of the Hestern Fault, and 
is parallel to the Hestern Fault (see Figure 1-3). The western 
boundary oi the Cooley Dolomite is the surface projection of the 
Cooley Dolomite as interpreted from all available drill hole data 
and as depicted in Figure 1-5. It is frequently overlain by up to 
(about) SOm of shale which contain the Ridge II stratiform deposit 
(Hil.liams, 1978a). The details of the H.Y.C. Pyritic EhaJ.e-Cooley 
Dolomite boundary are complex and will require more exposure by 
drilling or mining before it is fully understood. 
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FIGURE 2-3 Tsolith map uf the total thickness of the shale facies 
between the Dolomite Marker and the top of 8 orebody 
(Figure 2-8), in meters. For geological details see 
Figure 2-J.. 
of the sub-basin. Until additional drill holes are available in this 
area, or the Cooley Dolomite is exposed during mining, the true relation-
ships bet:.ween the Cooley Dolomite and the H.Y.C. Pyritic Shale w:lll 
remain unclear. 
The second pattern, wbich is typical of shale intervals 
between 3 orebody and 5 orebody is a thickening of sediments along the 
eastern margin oE the sub-basin, forming a trough-shaped region of sed-
iment parallel to the Emu Fault. Figure 2-4 is an isopach map of this 
interval showing the outline of the trough-shaped sediment region, 
stretching northwards from drill holes Pl6/28 to H24/50. The thick 
sequence of sediment in drill hole N27/63 is not included, because it 
contains large intervals of ungraded sedimentary slump breccia, not 
typical of sediments occurring in the trough-shaped region. The same 
pattern occurs in many (but not all, cf. Figure 2-14) of the breccia 
beds between 3 orebody and 5 orebody (Figure 2-5), each of which consist 
of a thick sequence of lutite with a thin graded base, compared with the 
more regular graded beds (Plate 9) in other sections of the sub-basin. 
Tuff beds, as well as being thicker in the area (Figure 2-6), are usually 
more bituminous compared with the same bed in other areas of the sub-
basin. 
2-3.l.b Concretions 
Ferroan dolomite concretions (Plate 4) are a feature of the 
shales in areas adjacent to base metal mineralization (also see the 
\~-Fold Shale Hember; section 2-2; Figure 2-7). They occur above and 
belmv the II. Y. C. deposit, and in the 2/3 inter-ore beds (Figure l-6). 
The only recorded occurrence in well-mineralized shale is from 8 orebody 
in the vicinity of drill hole G20/35 (J. Shaw, pers. comm.). Williams 
(1978c) noticed that the concretions form a broad halo around the 
22. 
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mineralized horizon, with the boundaries to the balo being discordant 
wlth the host shales (Figure 2-7). 
The concretions are grey in colour, and are composed of fine 
grained ferroan dolomite, with an average grain size of O.Olmm, and minor 
disseminated pyrite. They are spherical to elliptical in shape, with 
their major axes parallel to L2dding. Detrital quartz, similar to that 
in the host shale, is scattered throughout the concretions. Adjacent 
concretions have commonly intergrown, while individual concretions rna~ 
be up to 200mm in diameter. In cross section the original shale bedding 
is preserved in the concretions. Superimposed on the original bedding is 
a concentric zonal structure. Staining (potassium ferricyanide) indicates 
that these zones have a variable iron content. 
The shales above and below the concretions have been contorted 
around the concretions. In ideal cases, the shale laminae passing 
through the centre of the concretions have remained undisturbed, but the 
degree of contortion increases, with increasing distance from the centre 
of the concretion. Only rarely have the shale laminae been faulted to 
accommodate the distortion. 
Based on compactian ratios, which indicate that the concretions 
formed at a time when the host sediment.s had a porosity of 60%, Hilliams 
(1978c, 1979b) concluded that the concretions grew diagenetically rit 
depths of about 10m to lOOm below the sediment water interface. In 
addition, he noticed that. pyrite laminae (Py1 ) are thicker outside the 
concretion than inside the concretions, suggesting that Py
1 
not only 
formed before the concretion but also after the concretions, that is, 
at depths greater than 10m to lOOm. 
24. 
2-J.l.c Black Chert 
In the mineralized horizon in the 1-1. Y. C. sub-basin, laterally 
discontinuous layers of fragmented and globular black chert occur 
(Plate 5). The layers do not occur above or below the mineralized 
horizon. Characteristically, the chert i1:i rimmed by sphalerite; less 
commonly, it is partially or completely rinm1ed by galena. 
The chert is considered by Oehler and Logan (1977) to have 
developed from colloidal silica which precipitated either directly from 
the overlying wate~ column onto the sub-basin floor or within the 
sediment during early stages of diagenesis. 
The chert contains a diverse assemblage of microfossils, 
including filamentous bacteria, unicellular algae, and filamentous algae 
(Hamilton and Muir, 1974; Oehler, 1977; Oehler and Logan, 1977). The 
algal fossils are preserved as organic residues, but the bacterial 
fossils are replaced by pyrite or heavily encrusted by pyrite. Despite 
the intimate associgtion of sphalerite and galena with the host chert, 
these sulfides never replace or encrust the bacteria. The filamentous 
bac·teria are thought by Oehler and Logan (1977) tq have inhabited the 
anoxic iron sulfide-rich muds at the bottom of the sub-basin, and the 
unicellular algae are thought to represent a "plankton rain" from 
surface waters onto the sub-basin floor. The filamentons algae are 
believed to have been washed into the sub-basin f=om adjacent near-shore 
sediments. 
2-J.l.d Nodular Dolomite 
Croxford and Jephcott (1972) record nodular dolomite (Plates 6, 
and 12 to ll1) up to 15mm in diameter in the H.Y.C. Pyritic Shale Hember. 
The nodules are composed of ferroan dolomite, and form smooth rounded to 
!;inr.)'l.l().r k) 
angular bodies that occur either br as a~gregates, often with a 
Plate 7 
Plate 8 
Plate 9 
Graded sedimentary breccia beds from the 4/5 interore bed 
breccia (H.Y.C. decline adit, western edge of the H.Y.C. 
deposit). The beds are well graded, parallel sided, and 
merge inlo chaotic sedimentary slump breccia (plate 8) in 
the north of the sub-basin. The breccia is composed of 
dolomite clasts derived from ':he northern margin of the 
H.Y.C. sub-basin. Sample is l3cm long. 
Sedimentary slump breccia, H.Y.C. Pyritic Shale Member, 
northern end of the H.Y.C. sub-basin (location; Barney Creek) 
The dolomite clasts were originally deposited in a shallow 
water sabkha and/or saline lacustrine environment, and were 
derived from the lower members of the McArthur Group around 
the northern margin of the H.Y.C. sub-basin. The slump 
breccia merges into graded beds (plates 7 and 9) in the 
south of the sub-basin. The breccia matrix (dark grey) is 
contorted mineralized shale (now weathered). Geological 
hammer is 30cm long 
Gl.'aded sedimentary breccia, from the centre of 6 orebody 
(H.Y.C. decline adit, western edge of the H.Y.C. deposit), 
composed of dolomite clasts derived from ~he northern margin 
of the H.Y.C. sub-basin. The breccia merges with sedimen-
~ary slump breccia (plate 8) in the north of the sub-basin. 
The breccia bed is a good example of the Bouma seql\Gnc.:e 
(Bouma, 1962), consisting of a lower interval of graded 
breccia overlain by an interval of parallel laminations, 
an interval of cross-bedded laminations, an interval of 
Plate 10 
Plate 11 
Plate 12 
parallel laminations, and capped by an interval of massive 
lutite. The bed is lOcm thick. 
Cross bedded laminated tuff, from the H.Y.C. Pyritic Shale 
Member, H.Y.C. sub-basin (drill hole }U4/72, 7~2.4m). Dark 
grey beds are rich in organic carbon, light grey beds contain 
ferroan dolomite, quartz, feldspar and organic carbon, and 
whit8 beds are composed of quartz and feldspar. The late 
stage cross-cutting vein, at the bottom of the plate, is 
coarse grained ferroan dolmnite and sphalerite. Sample is 
3. Scm wide. 
Tuff bed, Lower Dolomitic Shale, H.Y.C. Pyritic Shale Member, 
H.Y.C. sub-basin (H.Y.C. decline adit, western edge of 
H.Y.C. sub-basin), composed of varying amounts of quartz, 
feldspar, ferroan dolomite and organic carbon. Sedimentary 
load and slump str.uctur.es are common in these beds. Sample 
is 2Jcm wide. 
Nodular dolomite facies, from the base of the H.Y.C. Pyritic 
Shale Hember, W-Fold sub-basin, lOkm west of tile H.Y.C. 
deposit. (drill hole W-Fold 15, 37.2m). The facies displays 
a cvclic pattern of sedimentation that begins with an 
interval of flake breccia, followed by an interval of 
dolomitic mud and silty mud, and ends with an interval of 
nodules. The nodules possibly had a sulfate precursor. 
Although not clearly visible in this plate, the nodules are 
partly replaced by pale yellow sphalerite. Late stage cross-
cutting veins are healed by coarse grained dolomite and 
sphalerite. The sample is 4.3cm wide. 
7 Up +- 8 
9 10 
11 12 
Plate 13 
Plate lli 
Plate 15 
Plate 16 
Nodular dolomite facies, Hith poorly d8veloped enterolithic 
structure, base of the H.Y.C. Pyritic Shale Nember, W-Fold 
sub-basin (drill hole hi-Fold 15, 38.7m). The cyclic 
pattern of sedimentation is clearly visible, consisting 
of an interval of flake breccia, overlain by an interval 
of dolomitic and silty mud, and ending with an interval of 
nodular dolomite, possibly pseuJomorphing nodular sulfate. 
The length of the sample is 9.3cm. 
Dolomite, possibly pseudomorphing gypsum crystals, in a 
matrix of dolomitic mud, base of the H.Y.C. Pyritic Shale 
Hember, H-Fold sub-basin (drill hole W-Fo].d 15, 34.8m). 
The dolomitic mud is one of the intervals of the nodular 
dolomite facies (plate 13). The crystals are 0. 7mm long. 
(Thin section, plane polarized light). 
Dolomite, possibly pseudomorphing gypsum crystals, base of 
the H.Y.C. Pyritic Shale Nember, H-Fold sub-basin (drill 
hoJ ·· \Hckens Hill 8, 95. 5m). The crystals occur as a "mush" 
in a pocket between nodular dolomite in the nodular 
~olomite facies (plate 13). The largest crystals are 
about 0.25mm. (Thin section, plane polarized light). 
Close up of the large dolomite crystal located left of 
centre in pl3te 15. Dolomite crystal is 0.25mm long. 
(Thin section, plane polarized light). 
Plate 17 
i'late 18 
Dolomite, possibly pseudornorphing a gypsum crystal, 
protruding from a dolomite nodule, base of the H.Y.C. 
Pyritic Shale Member, H-Fold sub-basin (drill hole 
W-Fold 15, 34.8m). The nodular dolomite is part of the 
nodular dolomite facies (plate 13). The crvdtal is 
0.7wn long. (Thin section, plane polarized light). 
'Vitroclastic textures, occurring in the albitic tuff, 
H.Y.C. Pyritic Shale Member, H.Y.C. sub-basin (drill 
hole Rl0/70, 131.7m). The shards are composed of 
quartz and feldspar in a matrix of ferroan dolomite, 
quartz, felds~ar and organic carbon. Fi~ld of view is 
2mm wide. (Thin section, plane polarized lig~t). 
17 18 
. poorly develnped enterolithic structure (Plate 13). They frequently 
enclose diagenetic framboidal pyrite and distort the adjoining shale 
laminae. 
The nodules are prominent in the lower orebodies, below the 
orebodies in the south of the sub-basin, and are the major component 
of the 2/3 inter-ore bed (Figure 1-6). Higher in the sequence, they 
occur in the north of the sub-basin up to the Dolomite Marker (Figure 
2-8). The mineralized horizon at Ridge II (Figure 1-5) contains 
abundant nodules (Williams, 1978a). 
25 . 
The nodular dolomite facies occurs over two main stratigraphic 
horizons, one centered on the mineralized horizon and the second a~ove 
and below the Lower Stylolite Marker (Figure 2-8). The areal distribu-
tion of the facies from the lower interval is illustrated in Figures 
2-9 and 2-10. Below 2 orebody, but above the W-Fold Shale Member, the 
facies coincides with the No.1 orebocy (section 1-5; Figure 1-6) and is 
best developed in the central section of the sub-basin (Figure 2-9). 
The facies ln dd 11 bole 022/10, occurs in place of No.2 orebody, and 
most of the tuffs and shales which are developP.d in other drill holes in 
this stratigraphic interval are missing. 
Figure 2-10, an isolith map (i.e. total thickness of individual 
beds containing nodules) of the noduldr dolomite facies uetween 2 orebody 
and 8 orebody, (i.e. the mineralized horizon), inJicat·es that the facies 
is best developed along the southern margin of the sub-bAsin. In 
addition, the top ol the lower interval of nodular dolo~ite facies is 
discordant with the mineralized horizon (Figure 2-11), forming a halo 
Ebove the mineralized horizon along the eastern margin of the sub-basin, 
but several meters Lelow the top of the mineralized horizon along the 
western margin of the sub-basin. 
6 
6 
015TII18\JTI0'40F r.lC'(S 
1"1 THE H l'C. SU8·8ASH~ 
LOC.t.TIOt-1 Of" HLECfED 8£05 
TIIHtcth 
~I. 13" brtccla 
U"H 4 '"'ttiG 
Ortbodr 
I • 
HGn~"9 •Gil brtttla 
I 7 
' ' 
~or1bod1 brett to 
I . 
I 
'"' 
Shah '"'"101 
I I 
!!a tal b••etlo 
,_ 
w 
r 
u 
. 
' ~ Q 
0 
z 
: I 
u 
~ 
w 
> 
~ 
l 
. 
~ 
8 
w 
~ 
UPPER 8RECCIA 
UPPER OCh.OiollTtC 
SHALE 
UPP[A Pl'AITIC 
SPilL[ 
81TU,.I"'OUS 
SMALE 
LON£11 I'YRtliC 
SHALE 
FOR DETAILS 9([ 
riG\JA[S 
Z·Zfi 
l#l'f 
2- 2.8 
2-29 
2.32 
LO'N[R OOLOioiiTIC 2-34 
SHAL.E 
W-FOLO StUL[ lollb 
FIGURE 2-B. Stratigraphic column for drill hole MI7/0B 
(Figure 2-1) from the H.Y.C. sub-basin, illustrJiing 
the distribution of facies, informal sub- divisions of 
the H.Y.C. Pyritic Shale Member and selected 
stratigraphic horizons. 
I 
I 
I 
J 
I 
I 
~I 0::/ /:3 
:::JI 
o/ 
iJ.J I 
u ~tl 
!I 
"' I 
I 
I 
I 
I z 
I o 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ol 
4 
~ o3 
...._.3 
c.5' 
I 0 
0 Coo~y 
Dolomite 
o' 
500m 
FIGURE 2- 9 Isolith map (in meters) of the nodular dolomite facies 
between the base of 2 orebody and the top of 8 orebody 
(Figure 2-8). For geological details see Figure 2-L 
--~--~----
I 
I 
I 
1 
I 
I 
I 
~I (51 
!:;/ 
Of 
i.l.JI 
U/ 
111 
<l:' 
~I 
I 
I 
I 
I 
1 16 
I 0 
/ 
/ --
I 
I 
( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
38 
0 
4 
0 
500m 
6 
0 
5 
0 
26 
0 
FIGURE 2-10: Isolith map (in meters) cf 
Lacies between the base of 
of 8 orebody (Figure 2-8). 
see Figure 2-1. 
the nodular dolomite 
2 orebody and the top 
For geological details 
I 
I 
I 
I 
I 
I 
I 
I 
I 
o.. I 
IE; 
f::; 
51 
I 
I 
4J I 
u I 
llt §I 
I 
I 
I 
I 
I 0 -9 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
I 
I t} 
0 
500m 
+5 
0 
+3 
0 
+4 
0 
\ 
' ' 
' 
' 
+3 I 
0 I 
c~eo 
\ 
' 
' /0 
FIGURE 2-11 Top of the lower interval of nodular dolomite relative 
to the top of the mineralized ho~izon (in meters). 
For geo1ogjcal details see Figure 2-1. 
26. 
The distribution of the upper interval of nodular dolomite is 
illustrated in Figure 2-12. The facies is best developed along the 
eastern margin of the sub-basin, coinciding with the thickest part of 
the sediment pile (Figure 2-3). 
Similar looking dolomite nodules occur away from the H.Y.C. 
sub-basin, but unlike those in the H.Y.C. sub-basin, they are sometimes 
associated with dolomite pseudomorphs after what is interpreted to be 
either gypsum or anhydrite (section 2-3.2; Plates 14 to 17). This 
association and the morphological similarites between the nodules and 
nodular anhydrite which forms diagenetically in supratidal sabkha 
environments (Shearman, 1966; Chowns and Elkins, 1974), suggests 
strongly, but does not prove, that the dolomite nodules are after anhy-
drite which grew diagenetically from saline pore-waters. Preliminary 
and. on going studies of the nodular dolomite facies by the author and 
N. Williams has provided further evidence for a shallow evaporitic 
origin for the nodules. The studies have revealed that throughout the 
H.Y.C. Pyritic Shale, the nodules occur in sediments displaying a cyclic 
pattern of sedimentation that begins with an interval of flake breccia 
postulated to have for~ed by dessication, is followed by an interval of 
dolomitic and silty muds, and ends with a zone of nodules with entero-
lithic dolomite and silty muds (Plates 12 and 13). The cycles frequently 
r<''1C.at themselves and individual cycles vary in thickness from about 3cm 
to lOcm, suggesting that they formed under shallow-water conditions 
characterized by rapidly alternating periods of submergence and emergence, 
such as those found on the edges of lacustrine environments (Gasse, 1974). 
The distortion of the sedimentary laminae between the nodules 
and the presence of framboidal pyrite inclusions within the nodules is 
good evidence that the nodules grew diagenetically after the pyrite in 
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unconsolidated but laminated muds, in zones through which large 
quantities of saline pore-waters moved. Such movements may have 
occurred during periods of emergence, .in response to evapod.tic draw up, 
as occurs with the formation of nodular anhydrite in sabkha environments, 
or during periods of submergence in zones where the hydrology of the 
environment caused substantial pore vmter movement. Such zones could 
occur at the margins of a lake in response to seasonal fluctuations in 
tbe water table of the area, such as it seen at the Coorong Lakes in 
South Australia (Von der Barch At al 1975), or in zones adjacent to hot 
springs. 
Thus, while the origin of the nodular dolomite facies is still 
uncertain, jt is clearly indicative of distinctive sedimentary and 
diagenetic conditions. It appears to rep~esent a zone through which 
large quantities of saline waters moved, depositing either dolomite, or 
anhydrite and/or gypsum that was subsequently replaced by dolomite. Such 
a zone may have been an emergent zone associated with the edge of a saline 
lacustrine or margin3l marine sabkha environment or alternatively, a 
submergent zone associated with some type of aquifer. 
2-3.l.e Breccia 
SedimentaTy breccia is the second most ab mdant Tock type 
occurring in the H.Y.C. sub-basin. It occurs as slump breccia and 
graded turbidites. Croxford and Jephcott (1972) record 350 graded beds 
over a 54.9m interval through the mineralized horizon. Over 800 breccia 
beds have been recorded from drill hole Ml7/08 (Figures 2-1 and 2-8); 
however, the total number of breccia beds would be far in excess of this 
number, as beds of less than 2mm were not recorded and, in the majority 
of cases, allowance \•laS not made for multiple grading of beds (Plate 7). 
28. 
Three distinctive types of sedimentary breccia have been 
recognized, each of which is characterized by its clast types, its area 
of origin, and by its direction of movement into the sub-basin (Figure 
~ 2-13). They are referred to as Type I, Type II and Type III breccia. 
fi ~I 81•eccia 
Type I breccia is the most abundant, and forms the inter-ore 
heds of Mur~ay (1975), -see also Crox~ord and Jephcott, (1972). The 
breccia b~ds occur in the lower half of the shale sequence, below the 
Upper Stylolite Marker (Figure 2-8), but several thin beds above the 
Upper Stylolite Marker also possibly belong to this group. 
The clasts which characterize Type I breccia (Table 2-1) are 
the lithologies which occur in the lower formations of the Umbolooga 
sub-group (Table 1-2). The distinctive lithologieo are dolomites with 
pseudomorphs after gypsulli crystals, red and green dolomitic rock types, 
qnd a variety of algal dolomite types. Clasts of mineralized aud un-
mineralized H.Y.C. Pydtic Shale Hember have also beeu recorded 
(Croxford, 1968; Croxford and jephcott, 1972; Williams, 1979a). 
Variations in thir:kness and clast size of four Type I breccia 
beds Hre illustrated in Figures 2-14 to 2-19. The data presented show 
a cleClr correlation betHeen maximum clast size and maximum thickness of 
individual LrPccia beds. A dRcrease in clant size, and a decrease in 
tnickness of the beds is evident from the nu o the south 0£ the 
s•ili-~asin. In the north of the sub-basin the breccia beds occur as 
:;lump breccia (Plate 8) with individual clasts having diamP.ters of up 
to lOrn. 1~e olump breccias are chaotic, with no sorting and very little 
grading of clasts. In contrast, breccia in the south of the sub-basin 
occurs as t.,'aded beds (Plate 9), occasionaly I>Jith a well developed 
Bouma sequence (Bouma, 1962). The complete turbidite as defined by 
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FIGURE 2-13 Origins and points of entry of Type I, Type II and 
Type III breccia into the H. Y. C. sub-basin (Figure 
2-8). For geological detai] s see Figure 2-l. 
FIGURE 2-14 Isopach map (in millimeters) af 5 orebody brcccin 
(Type I breccia). For stratigraphic location see 
Figure 2-8 and for geological details see Figure 2-1. 
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FIGURE 2-16 Isopach map (in millimeters) of the hangingwall 
breccia (Type I breccid) For stratigraphic 
location see Figure 2-8 and for geological details 
see Figure 2-1. 
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FIGURE 2-18 Isop~rh map (in meters) of 'Unit 4' breccia (Type 1 
breccia) For stratigraphic location see Figure 
2-8 and for geological details see Figure 2-1. 
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FIGCRE 2-19 Isopach map (in meters) of breccia 'LlJ' (Type I 
breccia) For stratigr.ap:lic location see Figure 
2-8 and for geological details see Figure 2-1. 
TABLE 2-1 
LITHOLOGIES OF CLASTS FROH TYPE I BRJ:CCIA 
(Occurring in diamond drill holes N27/63 and L27/64) 
In approximate order of decreasing abundance. 
1. DERIVED FROM THE HcARTHUR GROUP OUTSIDE THE SUB-BASIN 
(a) Common 
29. 
Stromatolitic dolomite; algal mat; grey, pink, green and white 
dolomite (laminated to massive); dolomite with pseudomorphs (2-lOmm) 
after discoid gypsum/anhydrite crystals; grey, green and pink 
dolomite breccia; siliceous dolomite; light grey recrystallized 
dolomite; light grey and dark grey dolomitic siltstone; green 
dolomitic mudstone; green d'Jlo'lllitic mudstone (soft at time of 
deposition); intraformationally brecciated dolomite. 
(b) Frequent 
T1:rquoise mudstone; algal mat with pseudomorphs after discoid 
gypsum/anhydrite crystals; pink, grey and green quartz dolarenite; 
algal mat, siliceous in places; intraformationallv brecciated green 
dolomitic mudstone; greenish grey thin to medium bedded dolomite; 
light grey thinly bedded interbedded dolomitic siltstone and 
dolarenite; white weakly cherty dolomite. 
(c) Rare 
Red and green quartz doL. renite; oncolitcs; light grey massive 
dolomite with cryptocrystalline silica blebs; siliceous algal 
debris beds; grey massive dolomite with pseudomorphs with cubic 
cross section; orange-pink dolomite; dark grey porous dolomite 
(pumice like); saccharoidal dolomite; oolitic dolomite; green 
mudstone with fragments of red mudstone; dolomite with minor 
chalcopyrite blebs. 
2. DERIVED FROH THE H.Y.C. SHALE HEHBER WllulN THE· SUB-BASIN 
Black chert with sphalerite rims; pyritic shale with nodular 
dolomite after evaporites; pyritic bituminous shale (Croxford and 
Jephcott, 1972); mineralized tuffaceous shale (Croxford, 1968). 
30. 
$c 
~ 
" Bouma (a gradPcl interval, lower interval of parallel lamination, interval ~ 
of current ripple lamination, upper inter~al of parallel lamination, .:1nd 
a pelitic interval) is frequently recorded from the centre of the sub-
basin (Pla ~ 9). Group.s of parallel sided beds (Plate 7) are a common 
feature oE the sequence in the central and southern areas of the sub-basin. 
\vithin individual brecc:La beds a gradation from proximal to 
distal turbidite (Halker, 1967) occurs (Table 2-2). Proximal turbidites 
are characterized by crude grading with a low mud/sand (and coarser) 
ratio, and we] 1 developed but eroded cross laminations and ripple marks. 
Hith increasing distance from their origin, breccia beds show the 
characteristics of distal turbidites; 1 ;aded sequences are complete, 
often with the sub-divisions of Bouma (1962) and beds that are parallel 
sided. 
THo types of matrix have been recognized occurring in slump 
breccia. The first is the fine arenitic and lutitic debris, which 
entered the basin along \~ith the breccia. This matrix is composed of 
the same variety of rock types as occur in the larger clasts of the 
breccia. The second matrix consists of contorted (Plate 3) and squeezed 
pyritic shale and pyritic mud. The shale and mud are identical to those 
occurring betv7een breccia beds, and have been squeezed upwards under the 
weight of the overlying clasts. Bedding in the shale (matrix) is 
frequently visible over the basal sections of the brecLia beds, but with 
increasing distance from the base oE the bed, bedding becomes less 
obvious until nothing more than a pyritic mud is recognized. 
The depositional pattern of the Type I breccias is interpreted 
to mean that they originated in the north of the sub-basin and moved in 
a southerly direction (Figure 2-13). As the 'debris' moved away from 
its origin it first formed a chaotic slump breccia, followed by a well 
31. 
TABLE 2-2 
FEATURES AND COHPARISONS OF TYPE I DRECCIA 
Northern End of Basin 
Proximal 
(1) Thick beds. 
(2) Large clasts. 
(3) Ungraded, chaotic beds. 
(4) No sorting of clasts. 
(5) Beds irregular in thickness 
with local waxing and waning. 
(6) Scours and erosional 
surfaces common. 
(7) Mud/sand (and coarser) ratio 
lo'~. 
(8) Underl.ying shale beds 
frequently contorted and 
squeezed bet~een clasts. 
( 9) Frequent era tically sized 
clascs. 
(10) Laminations and ripples 
usually disturbed and 
eroded. 
Southern End of Basin 
(also eastern edge of basin) 
Distal 
~
Thin beds. 
Arenites and lutites. 
Beds usually well graded. 
Poorly sorted clasts. 
Beds parallel sided and reulgarly 
bedded. 
Scours and erosional surfaces 
rare. 
Mud/sand (and coarser) ratio 
high. 
Underlying shale beds rarely 
contorted or disturbed. 
Eralically sized clasts rare. 
Laminations and ripples commonly 
complete. 
graded bed. Shales, presumably at least pyritic and probably galena-
sphalerite bearing (Croxford, 1968; Croxford and Jephcott, 1972; 
I.Jilliams, 1979a), were picked up and transported along with the debris 
32. 
and incorporated as matrix and as clasts in the breccia. The mo1:e massive 
breccia clasts settled into the soft underlying muds which were contorted 
upwards to form matrix to the slump breccia. 
;£y_~I Breccia 
:'ype II breccia is composed of a distinctive suite of clasts 
(Table 2-3) which are characteristic of the upper formation of the 
Umbolooga Sub-Group (Emmerugga Dolomite and Teena L=-'l.omite; Table 1-2). 
The diagnostic lithology is a light grey dolomite with dolomite pseu-
domorphs after gypsum crystals with hexagonal cross section (Walker et 
al., 1977a). A most obvious feature of the breccia is the lack of 
coloured rocks, v7hich typifies Type I and Type Ill breccia. 
Type II breccia occurs mainly above the Upper Stylolite Harker 
and belmv Type Ill breccia (Figure 2-8); however, a major bed occurs at 
the boundary between the H.Y.C. Pjritic Shale Member and theW-Fold Shale 
Hember. In the south-eastern corner and along the eastern margin of the 
sub-basin, single clasts and restricted beds of breccia occur randomly 
throughout the shale sequence. 
Variations in thickness and clast size of three Type 11 
breccia beds are illustrated in Figures 2-20 to 2-24. The data presented 
show a correlation between maximum clast size and maximum thickness of 
individual beds. A decrease in clast size and a decrease in thickness 
of the beds is evident from the south to the north of the sub-basin. 
This is in sharp contrast to Type I brecciR beds, which increase in 
clast size and thickness from the south to t!1e north of the sub-basin. 
------------~---------------------/ 
I 
I 
I 
I 
/ 
Q/ 
0 
~I 
!;I 
Of 
til 
11! Q: 
~I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I OQ-2 
500m 
5 
\·1 
0 
20 
FIGURE 2-20 Isopach map (in meters) of the basal breccia (Type II 
breccia) - base of the H. Y. C. Pyritic Shale Hember. 
For stratigraphic location see Figure 2-8 and for 
geological details see Figure 2-1. 
I 
I 
I 
I 
I 
~I {51 
5; 
0 
I 
t:; 
/JI 
iii 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
; 
I 
I 
I 
I 
--/ 
I I 0 406 
363 
0 
500m 
FIGURE 2-21 [sopach map (in millimeters) of breccia T2/4 
(Type II breccia). For stratigraphic locatiou 
see Figure 2-8 and for geological details see 
Figure L.-1. 
~~~!'~?.:.~~(;i,;;,,-;, F :,,~- '" •,Qw :__~....!,» 'c.\t!•-- ·~~--· , ,,,,;J_.,,GJ 
f; 
"=J 
~ 
Cl 
c: 
~ 
N 
I 
N 
N 
m:Z: 
(D Ql 
(D X 
>-"· 
t-rj 2 
~- c 
IJQ a 
c 
~ n 
(D ;-
Ql 
'" (ll lr-r 
N 
;-en 
~­
N 
ro 
--. 
<-"· 
::l 
a 
>-"· 
f-' 
;-
>-"· 
a 
ro 
~ 
ro 
>-! 
(.0 
0 
:-n 
cr 
r: 
ro 
n 
r. 
;-
Ql 
t-3 
N 
.!::-
( 
l 
I 
I 
\ 
i 
()I 
0 
0 
3 
---
-.__ 
s 
-.__ 
'-· 
-
.___ 
---· 
- -- ~U~4C£ OUTcRop 
----.....:--
--
---
--- ......... 
0 --~" /o -....______::.-.- o,. '\ '\ 
\. ·--:::'l o 0\ o_ "1~/0 "" 
~0~ 0 N 
0 0 0 Oi ()I 
o,; 
0 
--. (Jl 0 
<J (>I 0 - :-- ,- -;;- v -,_, -~ 
,_ ;;; /t>" "" 1>1>1> ~ ~ t>;,;:;:,;:;:,;:;: 0.: 0.: ~:-:1>:1>:1>~1>~ I> I> ·~ ~~~~~~~~~~~~~~~~~~~ 
<J /~ ~ ~ ~ ~ ~ C'> ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~' ~.>' ;;~t>:l>:l>:l>:l>:l>:t>:l>:l>:l>:l>:l>~~;:_.,_: ~.,."]>I> . 
~~~~~~~~~~~~>~~-­
[;> ~ ~~-~ 1::>- .,___ --- -· 
-- y.,rESiERN FAULT 
r--------------,--------------·----------~ 
I 
I 
I 
I 
I 
I 
I Ql 
fit 
:=I 
;;I 
41/ 
u 
tJI gl 
(/)/ 
I 
I 
I 
I 
500m 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0196 190 0 
~---------------------------------·-------------
FIGURE 2-23 Isopach map (in millimeters) of breccia Tl (Type II 
breccia). For strali.gJ:aph-Lc location see flgure 2-8 
and for geological details see Figure 2-1. 
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TABLE 2-3 
LITHOLOGIES OF CLASTS FROH TYPE II BRECCIA, DERIVED FROM THE 
UPPER HEH13ERS OF THE HcARTHUR GROUP 
(occurring in diamond drill holes Pl6/28 and P23/48) 
33. 
Light grey laminated to massive dolomite; Light'grey massive dolomite 
with dusry vughs; light grey massive dolomite with sparry dolomite 
veins; incraformationally brecciated dolomite; light grey dolomite 
with stylotites; light grey faintly bedded dolomite; buff-grey algal 
dolomite; green:i.sh-grey massive dolomite; light grey and greenish 
grey dolomite with pseudomorphs after hexagonal gypsum erystals; light 
grey limestone with pseudomorphs after hexagonal gypsum pseudomorphs; 
massive grey dolomite with grey spheroidal structures (up to 2mm); light 
grey brecciated dolomite with "darker" grey dolomitic matrix. 
1 .. 
Tlil! Type II breccias lacl~ the \>/ell developed grading seen in 
Type I breccia beds, and grading, when present, is restricted to breccia 
horizons occurring above the Upper Stylolite Marker (Figure 2-8). Where 
graded the breccias have a very high mud/sand (and coarser) ratio. The 
breccia beds in the snutheast of the sub-basin are frequently openwork 
in charat.:ter, with a high percentage of contorted shale matrix. 
The depositional pattern of the Type II breccias is interpreted 
to indicate that they originated in the southeast of the sub-basin 
(Figure 2-13) and moved ~1 a northerly direction. As the 'debris' moved 
away [rom its or:Lg:Ln, it first formed slump breccias, and w:Lth increasing 
distarice, it be~an to form graded beds, but not to the same extent as 
the Type I breccia. 
Type III Breccia 
Type III breccia is the ~east understood of the three breccia 
types. It forms the upper unit of the H.Y.C. Pyritic Shale Member in 
the H.Y.C. sub-basin and corresponds Hith the Upper Breccia of Hurray 
(1975). The clasts (Table 2-4) have been derived from the lower forma-
tions of the Umbolooga Sub-Group, and the Hasterton Formation of the 
Tawallah Group, (Table 1-l). The presence of sandstone, quart:dte, 
and potash metasomatised quartz dolerite from the Masterton Formation 
distincuiahes T~po Ill bre~cla from Type I brecciA. 
The clasts have a completely chaotic arrangemPnt, with no 
grading or sorting eviJent, and they range in size frum a few lOOmicrons 
up to tens of meters. The maximum recorded thickness of the unit (213m) 
occurs in the southeastern corner (Ql3/4Lf) of the sub-basin. Several 
shale horizons occur towards the base o[ the unit. In the east (Ridge 
II area), shale predominates over breccia, with single isolated clasts 
occurring randomly throughout the shale. 
1 .. I.TliOLOGIES OF CLL\STS FROH TYPE III BRECCIA 
(Occurring in diamond drill hole Hl4/72) 
1. HcArthur Group - Lower Formations 
35. 
Light grey laminat;ed to massive dolomite; red dolomiLic mudstone; 
algal dolomite; grey dolarenite; light grey dolomite with 
pseudomorphs after discoid gypsum crystals; red and green 
dolomitic mudstone with disseminated chalcopyrite; green 
intraformationally brecciated mudstone; green quartz dolarenite; 
dolomite breccia; grey massive dolomite with scattered chalco-
pyrite blebs; domal (?) stromatolite with pseudomorphs after 
discoid gypsum crystals; oncolitic dolomite; algal dolomite 
with disseminated chalcopyrite; grey dolomite with spheroids of 
pyrite rimmed by hematite. 
2. Tm.;allah Group - Hasterton Formation 
Pink, red and white quartzite. Grey hematitic quartz sandstone. 
Potash metasomatized quartz dolerite. Contact metamorphosed 
sandsto~e and quartzite (Sl5/31D) 
Between Ridge II and Cooley II (Figure 1-3), Type III breccia 
unconformably overl i.es the Hara Dolomite Member. 
In the area around the H.Y.C. sub-basin the nearest and most 
probable source for clasts of Hasterton Formation, is the horsts within 
the 'Emu Fault Zone, and the limited da';a available implies a source area 
for the Type III breccia clasts from the Emu Fault Zone north-east of 
the H.Y.C. sub-basin (Figure 2-13). 
2-3 .1. f Tuff 
36. 
Massive to well laminated, buff to pink 'cherty' beds occur 
throughout the stratigraphic sequence of the McArthur Group, over large 
areas of the McArthur Basin. Sinrllar beds occur in the Tawallah Group. 
The beds are characterized by a very high potassium content and are 
composed mainly of microcrystalline orthoclase with a variable carbonate 
component. Identical tuff beds occur throughout the Mt. Isa region 
(including the major Pb-Zn deposits), in rocks which have been correlated 
with the HcArthur Group (Plumb and Sv1eet, 1974; Plumb et al., 1979). 
There are 10 major and approximately 75 minor tuff horizons in 
the stratigraphic sequence in the H.Y.C. sub-basin. They range from less 
than lcm to greater than Sm in thickness, are grey, green, pink and white 
in colour and frequently flecked with carbonaceous matter: they commonly 
sh~w convolute bedding, flame structures, pseudonodules, cross bedding, 
and rarely grading (Plates 10 and 11). 1e majo't" r.Olnpot.er.t:1 m:e l<-
feldspar, and quartz, with fcrroan dolomiLe, clay minerals, and accessory 
ruti18, zjrcon and apatite (Croxford anrl Jephcott, 1972). This study 
has revealed the presence of significant albite and calcite (see Chapter 
3). The mineralogy and chemistry of the beds are discussed in detail 
in f:hapters 3, and Lt. 
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2-3.l.g CorrPlntions 
Hurray (197 5) divided the 1-\. Y. C. Pyritic Shale Nember (in the 
H.Y.C. sub-basin) into five informal units, on the basis of carbonate, 
pyrite and breccia content (Figure 2-8). In this study, Murray's upper 
unit, the "Upper Dolom:J.t:Lc Shales and Breccia" is subdividetl into two 
units, the Upper Dolomitic Shale and Type HI Breccia (equivalent to 
Hurray's (upper) Breccia). This broad divis:Lon of the member is the 
basis of a detailed breakdown of: the stratigraphic sequence in the H.Y.C. 
sub-basin. The description which follows is a compendium of a more 
detailed analysis of the sequence (Logan, 1977) and, as such, highlights 
some of the major features. The uverall sequence is illustrated in 
Figure 2-8 and details of the section in Figures 2-2~ to. 2-34. The 
detailed sections were constructed from 14 complete diamond drill holes 
and sections of numerous other diamond drill holes from all araas of the 
sub-basin. The sections are therefore representative of the stratigraphic 
sequence occurring in the sub-basin, except for the areas discussed in 
the latter part of this section. 
The 8-tandard 8eadon 
Murray (1975) refers to the section between the top of the 
W-FoJd Shale Member and the base of 1 orebody as the Lower Dolomitic 
Shales (Figures 2-25). The lower contact of the section is gradational, 
ar·d the l.hLckne<ss oL the s"ctil•il varies frut"' 35m ~n the north tu 13,n :!.n 
the south of the sub-has:Jn. 
The major lithology is tuff, wiL:< lesser amounts of concF t-
ionary and nodular, 1o1eakly pyrlt:Lc shale, and sedimentary breccia. In 
the southeast of the sub-basin, the base of the section is delineated by 
a Type ll breccia (Figure 2-20), which js matrix supported. In one 
intersection, coPtorted W-Fold Shale Member forms the macrix of the 
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breccia and, in another, the breccia replaces most of theW-Fold Shale 
Member. 
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Hurray's usage of the term, Lower Pyritic Shale, extends from 
the base of 1 orebody to his Bituminous Shales (Figure 2-25), an interval 
ranging from approximately 150m to 275m in thickness, and including near 
its base the H.Y.C. deposit. The section is a monotonous.sequence of 
interbedded sulfide rich shale and sedimentary breccia with occasional 
tuff horizons. As the name implies, the shales, which form a significant 
part of the section are strongly pyritic. Total iron contents range 
from 3 to 20wt.% and most of this is in pyrite, although some iron also 
occurs in ferroan dolomite, chlorite and sphalerite. Nodular dolomite 
occurs in the lower part of the section and concretions occur above and 
below the mineralized horiz6u. The breccia beds in the lower part of 
the section (i.e. below the Upper Stylolite Marker; Figure 2-8) are 
Type I, which are well graded in the south of the sub-basin and chaotic 
slump breccia in the north. These chaotic breccias replace large inter-
vals of the shale in the lower parts of the section, including five, six 
seven and eight orebodies oftheH.Y.C. deposit. The breccias in the 
upper part of the section are Type II; h01~ever, some Type II breccia 
also occurs in the lower part of the section, usually along the eastern 
boundary of the sub-basin. 
Several tuff horizons are recognized, but constitute only a 
small part of the total section. Two of these, the Upper and Lower 
Stylolite Markers (Figure 2-8) are used as distinctive marker horizons 
by Carpentaria Exploration Company geologists. 
The lower 50m to 60m of the section is host to the H.Y.C. 
deposit, the main features of which have been described in Chapter 1. 
On a hand speciment scale, the only differences between the mineralized 
horizon and that above is the presence of base metal. sulfides and black 
chert, and the absence of ferroan dolomite concretions. 
The Bituminous Shale (Murray, 1975) is a thick interval (40m to 
~Om) separating ~1e Lower Pyritic Shnle from the Upper Pyritic Shale 
(Figure 2-25). The interval is domlnKted oy black moderately pyritic to 
strongly pyritic, thinly bedded to laminated shale, with minor breccia 
and tuff. 
The Upper Pyritic Shale (Hurray, 1975) is similar to the Lower 
Pyritic Shale. It consists of moderately to strongly pyritic thinly 
bedded to laminated shale, with minor breccia and tuff. It is about 60m 
thick. Breccia beds are usually less than 0.5m thick and are Type II, 
but in the north of the sub-basin a small number of thin breccia beds are 
possibly Type I. Several thin tuff beds occur, the most notable towards 
the top of the section. 
The Upper Dolomitic Shale (Hurray, 197 5) is ; ecognized by a 
lower pyrite content than the underlying Upper Pyritic Shale (Figure 2-25). 
The ~ection is only occasionally intersected, and arpears to be best 
developed around the flanks of the sub-basin. Several thin tuff beds and 
breccia beds occur, which are probably Type II. Rare isolated ferroan 
dolomite concretions are recorded. 
The Upper Dolomitic Shale gives way upwtrds to the (upper) 
Breccia of Hurray (1975). The interval, named the Type Ill breccia in 
this study (Figure 2-2.'1), is a clastic slump breccia. It has been 
described in detail in section 2-3.l.e in this Chanter. 
Vm•iationr; in the Sequence 
Unsystematic variations in the sequence occur throughout the 
sub-basin. Small intervals of the sequence, such as an orebody or a 
shale-breccia combination, are frequently missing, and as there is no 
41. 
evidence of fnulting, it is believed such features are of a deposit1.onal 
nature. In addition, beds or a group of beds, are often dramatically 
thinner (and occasionally thicker) than the corresponding bed in adjacent 
holes; again, this feature is depositional. 
Along the eastern margin of the sub-basin irregularities in the 
sequence are sufficiently comman to warrant documentation as regular 
variatiuns. The most obvious of these are a thinning of the sequence 
(shale, tuff, and breccia; 2-J.l.a)below the Upper Stylolite Marker 
(Figure 2-8); folding and contortion of the shales, apparently prior to 
lithification; and replacement 1f the Lower Dolomitic Shale (and 
occasionally 2 orebody) by brecciaandor nodular dolomite. In addition, 
when intersected, the H-Fold Shale Member usually consists of pink and 
green dolomites and/or highly contorted green shales. All these features 
lack evidence of having been directly controlled by faulting but instead 
appear to UL! the result of sedimentation adjacent to the Emu Fault Zone, 
in an area which was unstable at the time of deposition. 
Along the northern boundary of the sub-basin the lower part of 
the Lower Pyritic Shale is progressively replaced by Type I slump breccia. 
2-3.2 Areas away from the H.Y.C. sub-basin 
The H.Y.C. Pyritic ShF.lle Hernber has been intersected in a 
number of vlidely spaced drill holes away from the H. Y. C. sub-basin. In 
sub-basins, such as H-·Fold-Hickens Hill and Emu Plains (Figure 1-4) the 
informal units of: Hurray (1975) are recogni:~ed (Figure 2-25), allowing 
a broad correlaLion from sub-basin to snb-basin to be made. Between 
the 1-i-FoJ.cl-\Hckens llill sub-basin, (an area of relatively intense 
drilling) and the H.Y.C. sub-basin the Lower Dolomitic Shale can be 
c.::rrelated on a bed-for-bed basis, by using various tuff and shale 
marker b2ds (Figure 2-35). This correlation excludes breccia beds, 
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which are so cownon in the H.Y.C. sub-basin, but are rare in areas away 
from Lhe Emu Fault. 
The most notable regional trends in the ~ember are a gradual 
decrease in pyrite and an increase in carbonate (ferroan dolomite) away 
from the 1-l.Y.C. sub-basin. In distant sub-basins (e.g. ~!yrtle sub-basin, 
Figure 1-4), the shale contains minor pyrite relative to the amount in 
the H.Y.C. sub-basin. 
Shales from the Myrtle sub-basin, when freshly broken, have a 
strong hydrocarbon smell. 
Ferroan dolomite concretions have been recorded in the H.Y.C. 
Pyritic Sh11le Member from the W-Fold-Hickens Hill and Emu Plains sub-
basins (Figure 1-4). The concretions are identical in appearance and 
habit to those in the H.Y.C. sub-basin. In the H-Fold-Wickens Hill sub-
basin they occur in and above the mineralized horizon, and are often 
partly replaced (and rarely completely replaced) by relatively coarse 
grained sphalerite and galena. As is the case in the H.Y.C. sub-basin, 
the frequency of the concretions decreases away from the mineralized 
horizon. 
Black chert, similar to that in the H.Y.C. sub-basin, occurs 
in the W-Fold-Wickens Hill sub-basin. It is confined to the mineralized 
horizon, and contains a diverse assemblage of microfossils (Oehler, 1977; 
Oehler anrl Logan, 1977). 
Nodular dolomite, similar to that described previously from 
the H.Y.C. sub-basin, occurs in the \<1-Fold-Hickens Hill, Emu Plains and 
Teena sub-basins (Figure 1-4). In each case, ic occurs at the same 
stratigraphic level, roughly equating with the mineralized horizon. 
This level is mineralized in all cases, and sphalerite ancl galena often 
partly (and rarely completely) replace the carbonate nodules (Plate 12) . 
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In the W-Fold-Wickens Hill sub-basin the nodules often show a 
weakly developed enterolithic structure (Plate 13) m1d are associated with 
elongate carbonate crystals with a similar habit to gypsum or anhydrite 
crystals which grow in unconsolidated mud (Plates 14-17). TI1e nodules 
distort the surrounding laminae, typical of nodules v1hich grow diageneti-
I'·· 
I cally. In the Teena sub-basin the nodular dolomite/shale intervals grade 
laterally into a massive carbonate (ferroan dolomite) unit, consisting of 
intergrown acicular. radiating crystals interpreted as pseudomorphs after 
gypsum. 
Sedimentary bteccia, which forms a major. part of the sequence 
in the H.Y.C. sub-basin, is restricted in its occurrence in other sub-
basins. In the Emu Plains sub-basin, the only area with a significant 
breccia component in the sequence, Type III breccia beds occur. inter.-
bedded with pyritic shale, over an interval up to BOOm thick. The 
breccia beds thin rapidly towards the \vest, away from the Emu Fault Zone, 
inferring an origin for the clasts from the Emu Fault area (Figure 2-36). 
In the W-Fold sub-basin a single breccia bed occurs, and is 
composed of light grey and green dolomite clasts, in a matrix of weakly 
pyritic mud. Numerous thin, poorly graded aren~tes and silts are also 
recorded. 
In other areas, thin poorly graded arenites and silts occur. in 
all intersections of the member, regardless of their location. They 
rarely exceed lOOmm in thickness and are composed of light grey and green 
dolomite clasts, similar to the Type II breccia beds in ·the H.Y.C. sub-
basin. Although no significant st:udy of the graded beds has been made 
in areas away from the U.Y.C. sub-hasin, it is believed that they are 
derived from carbonate rocks (probably Coxco Dolomite) exposed as highs 
around the margins of individual sub-basins. If this is the case, then 
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FIGURE 2-36 Interpretative geological cross section through the Emu Plains 
sub-basin (looking north). 
they have a similar origin to the Type II breccia beds found in the H.Y.C. 
sub-basin. 
Tuff beds occur incerbedded with the shales in all areas that 
the H.Y.C. Pyritic Shale Hember has been intersected. Their mineralogy 
and appearance are identical to the tuff beds which occur in the H.Y.C. 
sub-basin. Their widespread occurrence suggests that the source area of 
the vitroclastic material was some distance from the H.Y.C. area. 
2-4 COOLEY DOLOHITE HEMBER 
2-4.1 H.Y.C. sub-basin 
The Cooley Dolomite Hember of the Barney Creek Formation 
(Tuble 1-2) was interpreted by Hurray (1975) and Br'ovm et al. (1978) to be 
a shallow water carbonate that is the lateral time equivalent of the 
H.Y.C. Pyritic Shale Hember. Hurray considered the unit to represent a 
fore-reef and reef complex, which interfingured with the deeper water 
shales of the H.Y.C. sub-basin, and was underlain by a clastic shallow 
water facies of the W-Fold Shale Member. Walker and Runnals (1976) re-
interpreted the stratigraphy and st·cucture along the Emu Fault Zone, 
showing that the Cooley II copper deposit (Figure 1-5) occurs in the 
Mara Dolomite Hember rather than the Cooley Dolomite Hember, and that the 
shallow water W-Fold Shale facies of Hurray (1975) was Hyrtle Shale Hember. 
These results raise the question as to t\,e existence of the Cooley 
Dolomite Hember east of the H.Y.C. sub-basin. 
Historically, distinguishing the H-Fold Shale }!ember from the 
}!yrtle Shale Hember has pro':ed difficult. The recognition of Hyrtle 
Shale Hember at Cooley II copper deposit by Walker and Runnals (1976) has 
simplified the differentiation of these two units. The two units can now 
be separated (albeit only under the microscope) at least in the vicinity 
of the H.Y.C. sub-basin. Thu features of each member are documented in 
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Table 2-5. This differentiation has culminated in the complete reconstruc-
tion of the Eacies relationships l.Jetween the H.Y.C. sub-basin and the Emu 
Fault. 
Thin section studies of cuttings f.rom percussion drill holes, 
have shown that the Nyrtle Shale Hember at Cooley II copper deposit 
continue~ westward, towards the H.Y.C. sub-basin, for about l~n. Its 
position is illustrated in Figure 2-37 an isobath map constructed from 
available drill hole data. The member forms a series of anticlines and 
synclines, parallel to the hmu Fault, until it disappears abruptly along 
the line marked A-A'. 
West of the line A-A' (Figure 2-37), the W-Fold Shale Nember 
occurs, and tbe isobath pattecn reveals a basinal structure with a maximum 
depth along the eastern boundacy (:i.. e. adjacent to line A-A') and cropping 
out along its western boundary. The northern and southern boundaries are 
poorly understood due to paucity of drill hole data. 
From Figure 2-37 a picture emerges of a folded block of Nyrtle 
Shale Hember overlain by the base of the Hara Dolomite Hember. This block, 
named the Western Fault Block, is bc·,.mded on the east by the Emu Fault and 
on the west by the \Vestern Fault (line A-A'). The positioning of the 
Western Fault Block, adjacent to the much younger H.Y.C. Pyritic Shale 
Hember, requires considerable llplift of. the block, and the recognition 
of: at least four generations of brecciation :i.n and adjacent to the block 
is testimony of. the complex processes jnvolved (Hilliams, 197Sa). 
The western edge of the \~estern Fault Block abuts a dolomite 
breccia resembling the type section of the Cooley Dolomite Hember (drill 
hole Rl7/66, previously known ns le 115). The breccia, for which the name 
Cooley Dolomite is retained, is a chaotic dolomite breccia, composed of 
the [allowing fragment types: 
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TABLE 2-5 
------
CHARACTERISTICS AND COHPARISONS BETHEEN 
\~-FOLD SHALE HE~lBER AND HYR'l'LE SHALE H~!BER 
\~-Fold Shale 
(1) Red and green coloured 
sediments. 
(2) Euhedral dolomite common. 
(3) Hiner detrita~ quartz. 
(4) Occasional bituminous laminae. 
(5) Shard rich horizons. 
(6) Pinching out, boudinaging and 
off-setting of dolomite beds. 
(7) No graded quartz arenite beds. 
(B) Weakly graded shale-siltstone 
beds. 
(9) No oolites recorded. 
(10) No glauconite. 
(11) Bedding usually prominent. 
(12) Blind faulting common. 
(13) Nodular dolomite psuedomorphing 
diagenetic anhydrite. 
(14) Potassic rich sediments. 
Hyrtle Shale 
Red and green coloured. 
sediments. 
Euhedral dolomite rare. 
Hiner to abundant detrital quartz. 
No bituminous laminae. 
No shards. 
Pre-consolidation slumping. 
Well graded quartz-arenite beds. 
No graded shale-siltstone beds. 
One oolite recorded. 
Hiner glauconite. 
Bedding usually poorly developed. 
No blind faulting. 
No nodular dolomite. 
Potassic rich sediments. 
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FIGURE 2-37. Isobath map of theW-Fold 
Shale Member tn the H.Y.C. sub-basin and 
the Myrtle Shale Member in the Western 
Fault Block (Figure 2-1). 
1. finely laminated to massive grey dololutite; 
2. grey dololutite containing radiating cluster& of acicular 
gypsum crystal pseudomorphs; 
J. stromatolotic clolomiLe; 
4. quartz dolarenite and doloruclite. 
These lithologi.es are similar to those that characterize the 
Teena and Emmerugga Dolomites. The fragments vary in size Erom a few 
millimeters to several tens of meters, and their chaotic nature is 
exemplified by the random orientations of the rare bedding, and of the 
clusters of gypsum crystal pseudomorphs, which in modern day analogues 
radiate up~ards (Walker et al., 1977a). 
The possibility that the breccia is a fault bounded block of 
Teena ;md Emerugga Dolomite similar to the Hes tern Fault Block is ruled 
out by the following features: 
1. the chaotic nature of the brecciation; 
2. in the type section, a 550m sequence of breccia overlies 
a thin sequence of H-Fold Shale Member; and 
J. along the western edge of the breccia, H.Y.C. Pyritic Shale 
Hember interfingers with and forms the matrix of the breccia 
(Murray, 1975). 
The Cooley Dolomite Hember is therefore interpreted as a talus-slope 
breccia, which formed adjarPnt to an active fault (system?), the Hestern 
Fault, which bounded an up\vard moving block of sedimentary dolomite and 
a subsiding(?) sedimentary basin. Concurrently with uplift, the top of 
the block was eroded and fragments of the Teena and Emmerugga Dolomite 
collapsea into the adjacent sedimentary basin. The result was a gradual 
build-up of a talus breccia, the Cooley Dolomite, which now delineates 
the boundary between the H.".C. Pyritic Shale Hember in the H.Y.C. sub-
basin and the block of older Myrtle Shale-Mara Dolomite Members, the 
Western Fault Block. 
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Relations between brecciation, faulting and shale sedimentation 
in this area are complex and will require more exposure by drilling or 
mining before they will be fully understood. 
2-4.2 Areas away from the H.Y.C. sub-basin 
As defined above, the Cooley Dolomite is a talus breccia, 
composed of Emmerugga and Teena Dolomites, which formed at che margin of 
the H.Y.C. sub-basin contemporaneously with deposition of the H.Y.C. 
Pyritic Shale Member. Similar situations may have occurred in sub-basins 
in other areas, forming other talus breccia deposits. The magnitude of 
the deposits would depend on the availability of material. In the case of 
the H.Y.C. sub-basin, the talus breccia was fed by a block of Emmerugga/ 
Teena Dolomites, which was caught up in a major fault system, resulting in 
abundant supply of debris. 
A similar environment has been recognized adjacent to the W-
Fold-Wickens Hill sub-basin, where a restricted talus breccia occurs 
(Figure 2-38). In this c;.!se, the role played by faulting is not known, 
.1lthough the paucity of sedimentary breccia interbedded with shale in the 
sub-basin, and the small magnitude and clast size of the tnlus breccia, 
suggest that faulting was only a minor featur8. In turn, the presence 
of thin graded arenites and silts in other S' -basins, suggests that 
talus hreccia deposits Edrnilar to that recog1 ized in the W-Fold-l'licker.s 
Hill sub-basin, possibly also occur around the margins of other sub-
basins. Only future drilling lvill test this possibility. 
During the 1977 field season, ~e Bureau of Mineral Resources 
outlined a small sub-basin of Barney Creek Formation in the Top Crossing 
area, south of the H.Y.C. sub-basin. (Jacks0n et al., 1978). Around the 
South 
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FIGURE 2-38 Interpretative geolo~lcal cross section through the W-Fold-Wickens Hill 
sub-basin, looking west. (Figure 1-4). The reconstruction represertts 
the sub-basin prior tn folding and erosion. 
margin of the sub-basin is a zone of brecciation, consisting of clasts 
of Coxco, Mitchell Yard and Mara Dolomites set in a matrix of silty 
dolomite. The sub-basin contains pyritic siltstones nf the H.Y.C. Pyritic 
Shale Member that are slumped around the margin of the sub-basin. The 
structure has been interpreted as a talus breccia adjacent to a sub-basin, 
which formed in a similar fashion to the Cooley Dolomite adjacent to the 
H.Y.C. sub-basin. 
2-5 DISCUSSION AND DEPOSITIONAL HODEL 
Models previously proposed for the depositional setting of the 
Barney Creek Formation have depended >Jpon the presence of a shallow water 
reef (the Cooley Dolomite t·lember) adjacent to a series of small sub-basins 
(Murray, 1975). The new interpretation of the Cooley Dolomite Member, a 
talus breccia adjacent to a syndcpositional fault, necessitates the develop-
me~£ a new model to explain the geological features now observed. The 
model presented is heavily biased t•Jwards the H.Y.C. sub-basin, as this is 
where most data are available. However the sc<mty data available from 
other areas also fit the model. T[,._ •.• uJ~l has been divided into five 
stages which represenr ~lgnificant depositional periods, these are 
illustrated ln Figures 2-39 to 2-44. 
2-5.1 Stage 1- Coxco Dolomite (Figure 2-39) 
The HcArthur Group, below the Barney Creek Formation i;; 
composed of shallow suhtidal, intertidal and supratidal sediment, 
considered to have been deposited in a marginal sabkha environment, 
similar to the present day Trucial Coast (Halker et al .. 1977). The 
Coxco Dolomite Member, immediately below the Barney Creek Formation, 
gives an insight into the conditions prior to deposition of the H-Fold 
Shale Member. It is a clean dololutite, with frequent thin beds of 
pink potash-rich mudstone (tuff). The presence of columnar Conophyton, 
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FIGURE 2-39 Diagramatic representation of the depositional environment during 
deposition of the Coxco Dolomite (not to scale). 
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stratiform stromatolites, and acicular and cuspate gypsum pseudomorphs 
allows a depositional environment to be postulated for the member. The 
presence of the acicular gypsum pseudomorphs led Halker et al. (1977a) to 
suggest the depositional environment was a sabkha, with the gypsum growing 
in shallm~ brine pools, similar to the present clay Trucial Coast. Because 
of the clean dololutite Brown (in Brown et al., 1978) favours deposition on 
the floor of a large hypersaline water body. with restricted access to the 
open ocean. In both models it is postulated that the environment was 
restricted, hypersaline and shallow water. 
Below the H.Y.C. sub-basin, the member contains abundant acicular 
gypsum psuedcmorphs and beds of stromatolites. The same features charac-
terize the membe~ below, and adjacent to, other sub-basins, suggesting that 
depositional conditions were uniform over the whole area, and that the 
sub-basins, if present, did not affect the depositional environment. 
The importance of the Emu Fault at this stage is not clear. 
The author knows of no evidence suggesting that the Emu Fault was active 
during this period; however, Halker & Runnals (1976), and Murray (1975) 
record ·thinning of the McArthur Group eastwards towards the fault. Walker 
& Runnals (1976) also record facies changes in formations below the Coxco 
Dolomite Member towards both the Emu Fault and the H.Y.C. sub-bdsin. 
They interpret these changes to indicate that water depths shallowecl 
towards the fault. 
It appears that the Hestern Fault was not active at the time 
of deposition of the Coxco Dolomite Hember. Supporting evidence for 
this is the ~lasts in the Type II breccia beds and the Cooley Dolomite 
}!ember, which \~ere d~:rived from the Coxco Dolomite Mer.1ber east of the 
\olestern Fault, and which have ·u thologies the sar,•e as the Coxco Dolomite 
Member v1est of the Hestern Fault. This suggest that sedimentation \•JBD 
\''' 
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uniform across the area now known as the \o/estern Fault Block. H the 
fault had been active, a change in sedimentation patterns (albeit, perhaps 
subtle), could be expected to occur across this lineament. No such change 
has been recognized. 
From the av11ilable data, it appear·, that sed·imentation was 
uniform west of the Emu Fault, and was dominated by a restricted hyper-
saline shallow water environment, in which gypsum grew along with algal 
colonies. Such an environment may have been located in either a lake or 
in a marginal marine area. Volcanic csh, presumably wlnd transported, was 
deposited over a large area. 
2-5.2 Stage 2- W-Fold Shale Member (Figure 2-40) 
After deposit:Lon of the Coxco Dolomite Hember, movement along 
the Hestern and Emu Faults becmne a controlling factor :Ln the style of 
sedimentation in the H.Y.C. sub-basin area. As the Western F&ult Block 
moved upwards, the top was eroded and redeposite~ along the eastern edge 
of the H.Y.C. sub-basin as a calus slope breccia, and the W-Fold Shale 
Hember was slumped and folded. 
Sedimentation in areas of present day sub-basins slowly changed 
from carbonate deposition of the Coxco Dolomite Member, to dolomitic shale 
of the W-Fold Shale Member. The red and green shales, and the low pyrite 
and relatively low organic carbon contentof the member, imply that the 
depositional environment was oxidising and or that sedimentation rates 
were low, while the presence oE dolomite nodules, possibly after anhydrite, 
suggest that pore water in the area was hypersaline. 
Around Lhe margins oE the sub-basins, green and pink dolomjtes 
were deposited, similar to the dolomites occurring belol'l thin sequences 
of shaley W-Fold Shale Hember. These are believed to represent early 
stages of transition from Coxco Dolomite Hember to W-Fold Shale Hember 
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F1GURE 2-qQ Diagrarnatic representation of the depositional environment 
during deposition o~ theW-Fold Shale Membe~ (not to scale). 
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sedimenLation. The areas between sub·-basins (domes) rem.qined exposed, 
allowing minor erosion to take place. As sedimencation continued, the 
areal extent or the H-fold Shale Hember increased, as it transgressed the 
edges of the domes and the talus breccia along the eastern margin of the 
H.Y.C. sub-basin. 
Volcanic ash continued to be deposited over a large area, with 
accumulations or water lain, airfall tuff increasing towards the top of 
the W-fold Shale Member. 
2-5.3 Stage 3 - Lmver 1!. Y. C. ~ritic Shale. Hember (Figure 2-41) 
The transiton from H-Fold Shale Hember to H.Y.C. Pyritic Shale 
Member, indicates that depositional and/or diagenetic conditions changed 
from oxidising to reducing, as the weakly pyritic, carbonaceous, green 
and rud shales of the H-Fold Shale Hember, gave way to the strongly 
pyritic and carbonaceous, gre~ and black shales of the H.Y.C. Pyritic 
Shale Hember. During this period, the shales ~ontinued to transgress the 
dolomite domes and minoT slump and solution brecciation occurred at the 
contact. Pore water remained hypersaline, resulting in the diagene.tic 
growth of dolomite nodules, or their sulfate precursors, in the uncon-
solidated but laminated muds. 
In areas west of the W-Fold-Wickens Hill sub-basin the shales 
were replaced by massive gypsum/anhydrite beds. 
Framboids and laminae of pyrite grew diagenetically, especially 
in the more carbonaceous muds, probably by a process involving microbial 
sulfate reduction (Sweeney and Kaplan, 1973). Filamentous bacteria 
flourished in the muds, consuming oxygen during their decomposition of 
organic matter, and thereby maintaining the anoxic conditions necessary 
for the accumulation and preservation of fine grained sulfide minerals. 
Unicellular and filamentous algae inhabited overlying and/or .earby 
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FIGURE 2-41 Diagramatic representation of the depositional environment during 
deposition of the lower H.Y.C. Pyritic Shale Member (not to scale). 
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surface waters (Oehler, 1977; Oehler and Logan, 1977). 
1-!ovement along the Hestern and Enw l~aults was significant 
dud ng this period, resulting in rapid upward movement of the Hestern 
Fault Block. North of the H.Y.C. sub-basin the block was eroded, forming 
a massive chaotic slump breccia, consisting of clasts of J,ower HcArthur 
Group sediments (Type I breccia). Periodically, debris from the slump 
breccia penetrated southwards into the sub-basin, for~ing graded beds. 
The unconsolidated, but laminated pyritic muds were squeezed around the 
larger clasts as they settled out of the debris flow, and/or were incor-
porated into the flow, to be transported and redeposited further to the 
south. 
Along the eastern boundary of the sub-basin, Teena and Emmerugga 
Dolomites were exposed on the Hestern Fault Blork. These were eroded and 
redeposited as talus breccia adjacent to the blw·.k, while occasionally 
thin beds of Lreccia and isolated clasts penetrated into the sub-basin, 
forming Type II breccia. The shales along this boundary slumped into the 
sub-basin, presumably as a response to instability due to movement along 
the Western Fault, and/or depositon of the talus breccia. 
Volcanic ash continued to be deposited throughout the area at 
irregular intervals. In the H.Y.C. sub-basin and adjacent areas, 
individual tuff beds attain a maximum thickness of 6m to Sm, and decrease 
slightly in frequency up the sequence. 
The H.Y.C. deposit occurs at the base of this section, and 
the formation of the base metal sulfides in the deposit are discussed in 
Chapters 5 and 7. 
It is difficult to determine the nature of individual sub-
basins during this stage of sediwentation, due to post depositional erosion 
and paucity of drill hole information in critical areas. Despite this, 
several features o[ the sedimentatiou pattern in the H.Y.C. sub-basin 
give an insight into the possible nature of the sub-basin, namely the 
breccia beds and nodular dolomite facies. 
The features of the breccia beds considered significant are:: 
(1) Type I breccia beds thin southwards in a regular manner, 
indicating that the sub-basin floor was free of major 
depressions which would act as debris traps accumulating 
thick sequences of sediment. 
(2) A large number of Type I breccia beds are thickest along the 
western edge of the sub-basin suggesting that the deepest part 
of the sub-basin, and/or the north-sGuth axis of the sub-basin 
may have originally coincided with, or was located west of, the 
present western margin oE the sub-basin. 
(3) The thick accumulation of sedjment along the eastern margin 
of the sub-basin, especially during deposition of the 
mineralized horizon, combined with slumping and distortion 
of the sediments in the same area, suggests that an area of 
.rapid s4bsidence and de~osition existed along the eastern 
margin of the sub-basin, possibly related to movement along 
the Western Fault and/or formation of the talus breccia 
adjacent to the fault. 
(4) The presence of thick accumulations of talus breccia along 
the eastern margin of the sub-basin, implies that this 
margin was being actively eroded and was a zone of instability 
during deposition of the JI.Y.C. Pyritic Shale Hember. 
These features lead to the conclusion that the H.Y.C. sub-
basin, and most probably other sub-basins were relativ2ly simple 
depreesions with gentle slopes, the edges of which shallmved against domes 
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or fault blocks of older McArthur Group sedintents, or were terminate~ 
abruptly against fault generated talus breccia deposits. Further support 
for t'lis style of basinal configuration comes from the Emu Plains sub-basin. 
Figuta 2-J6, a diagrammatic E-W cross section through the Emu Plains sub-
basin, suggests that the eastern margin of tl1e sub-basin terminates abruptly 
against the Western Fault Block (and presumably a talus breccia), while the 
western margin shallows gradually over a dome of Coxco Dolomite Member. 
Contrary to the popular idea that the H.Y.C. mineralization 
accummulated at Lhe bottom of a local deep depression, the features of the 
breccias just described indicate that the sediments hosting the deposit were 
deposited on the margins of a relatively smooth and flat to gently sloping 
surface. 
The nature of the H.Y.C. sub-basin is further constrained by the 
distribution of the nodular dolomite facies. If the various features of the 
facies have been correctly interpreted the sediments comprising the facies 
must have been deposited under relatively shallow conditions in near-shore 
arid environments subject to period emergence. The occurrence of breccia 
beds within the facies demonstrates however, that the sediments were for at 
least some uf the time being deposited in depths of water sufficient to form 
graded beds \•lith thicknesses of several meters, that is, at water depths at 
least greater than the thickness of the graded bed, and probably at depths 
at least several times this thickness. 
The existence of sedimentary features indicating both ~mergence 
(flake breccias inte~preted to have formed by dessication) and considerable 
water depths (g1·adecl breccia beds) in tlte nodulnr dolomite facies, suggests 
that during the deposition of the facies water depths oscillated con-
3iderably. Of the two evaporitic environments, coastal sabkha and saline 
lacustrine, suggested above for the generation of the dolomite nodules, 
56. 
the one in which such oscillations would be most likely is the lacustrine 
environment. Therefore it is tentatively concluded that the H.Y.C. sub-
basin, during this stage of deposition, was either a small lake, or an 
area of a larger lake encompassing the Bulbarra Depression, along the 
eastern margin of which was a fault zone, undergoing active uplift. It 
is suggested that variations in rainfall and rate of movement on the fault 
caused the level of the lake to fluctuate widely. For most of the time 
the lake contained sufficient water to allow the deposition of carbon-
aceous s;_Jts Elnd muds, and to support a thriving biomass. At times of 
flooding, which may or may not have coincided with movement along the 
fault zone, masses of debris from the adjacent Western Fault Block were 
dumped into the lake forming beds of graded breccia. At times of little 
or no rainfall the lake bed became emergent allowing the nodular facies 
to form, either by evaporitic draw up or by movement of ground waters 
throuBh the near shore sediments as a response to shifting water table 
levels. 
Because the Type I breccia's in the interval thin southwards, 
whereas the nodular dolomite facies increases (Figures 2-14 to 2-19 and 
2-10 to 2-11), there are two possible geometries for a north-south section 
through the sub-basin. The first (Figure 2-42) assumes that the nodules 
are a feature of an emergent zone, and formed by evaporitic draw up 
around the southern margin of the sub-basin during depositon of the 
mineralized horizon, and along its eastern margin at about the time the 
stylolile markers were being deposited. In this model the emergent 
zones would occupy the shoreline areas of the lake system with sediment-
ary breccia he ing deposited in the lake itself. During periods of extreme 
low wElter level the nodular dolomite facies would occupy the entire 'ake 
system. 
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FIGURE 2-42 Two alternative models for the depositional 
environment of the Nodular Dolomite Facies at 
the base of the H. Y. C. Pyritic Sh[!le Hember in 
the H. Y. C. Sll.b-basin (not to scale). 
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The second model (Figure 2-42) assumes that the nodules are a 
feature of a submergent zone, and formed from ground water flow or the 
gravitational separation of a soluti1n with varying density and salinity. 
In this model the nodular dolomite facies would occupy the lowest point of 
the sub-basin, with the breccia beds being deposited on the sub-basin 
slopes. The. problem with suc;I a model is that it requires large and rapid 
changes in water level if the environment is to dessicate, a feature which 
is inconsistent with the delicate cyclicity of sedimentation patterns 
within the nod~lar dolomite facies. 
2-5.4 Stage 4 - Upper H.Y.C. Pyritic Shale Member (Figure 2-43) 
Shale sedimentation continued through this period, transgressing 
the remaining dolomite domes, and the slump breccia north of the H.Y.C. 
sub-basin. Framboids and laminae of pyrite continued to form diagenetically, 
but the absence of the nodular dolomite facies implies that the pore water 
was less saline and/or not subject to considerable movement, and possibly 
that water depths were greater. 
The most significant changes during this ~eriod are related to 
the West~rn and Emu Faults. The Western Fault Block, north of the H.Y.C. 
sub-basin (the aource of Type I breccia clasts) no longer supplied debris 
to the slump breccia at the north of the JJ.Y.C. sub-basin, and the graded 
Type I breccia beds, so characteristic of the lower H.Y.C. Pyritic Shale 
Member, were no lnnger deposited. Along the eastern boundary of the 
H.Y.C. sub-basin the Western Fault Block continued to move upwards and was 
continually eroded, debris forming the talus breccia and periodically 
Type II breccia beds, as well as depositing isolated clasts. The shales 
in this area, continued to slump into the adjacent sub-basin. Domes in 
other areas were also being eroded and redeposited as graded dolarenites 
and silts in adjacent sub-basins. 
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FIGURE 2-43 Diagramatic representation of the depositional environment during 
the deposition of the upper H.Y.C. Pyritic Shale Hember (not to 
scale). 
58. 
The close of this stage of deposition, in the H.Y.C. sub-basin, 
is marked by the transgression of the ILY.C. Pyritic Shale HembP.r acro.ss 
the eastern talus bre~cia (the Cooley Dolomite Member). Deposit~Jn of the 
talus Lreccia and Type II brecr::ia then stopped. Dolomite nodules g1·ew j_n 
the shales deposited abovE: the Cooley Dolomite Nember, indicating the 
existence oE an area of local porewater hypersalinity, or rapid grounJ 
water movement. 
Volcanic ash continued to be deposited ovLr a wide area. In 
the H. Y. r;. sub-basin the frequency and thickness of tuff beds decre.o,sed 
dramatically, compared with the lower section of the H.Y.C. Pyritic 
Shale Hember. 
During this stage of deposition conditions within the sub-basin 
appear to have been relatively stable. Only small amounts of sedimentary 
breccia were deposited, suggesting that movement along the eastern fault 
zone had subsided. Dolomitic shales, with no evidence of cyclic sedimen-
tation, were deposited instead of the nodular rlo]omite facies, implying 
that the water level in the sub-bcisin did not fluctuate, and was suff-
iciently deep for the formation of the occasional graded sedimentary 
breccia bed. 
The occurrence of a restricted region of nodular dolomite 
facies above the Cooley DoloMite (Williams, 1978a) indicates that for a 
short time towards the close of this stage of sedimentation the hyper-
salinity in at least a small area was increased. As discussed above, 
vlhether this v1as due ~u emergence and evaporitic dra•·1-up or submergence, 
associated with increased ground water flow o= development of a density 
stratification in the sub-basin cannot be answered at this stage of the 
study. The model proposed for this stage of deposition is a lacustrine 
one, similar to that demonstrated above, but with lower salinities and a 
59. 
stable water level. 
2. 5. 5 Stage 5 - Type LII breccia ami younger sediments (Fi_gure 2-Ltl!) 
During the final stage of deposition of the H.Y.C. Pyritic 
Shale Hember, there is no evidence for movem·,mt along the Hestern Fault 
or that erosion of the Western Fault Block occurred. Deposition consisted 
of Type III breccia clasts, which were derived from horst blocks of lower 
McArthur Group and upper Tawalla\1 Group sediments, exposed along the Emu 
Fault. The debris fanned \vestward away from the fault, forming a wedge 
of chaotic slump breccia, overlying the Hestern Fault Block and adjacent 
sub-basins. Away from the Emu Fault Zone, shale deposition continued, 
gradually becoming less pyritic and more carbonate-rich. 
Continued sedimentation resulleri in a gradual change from shale 
to carbonate sediments of the Reward Dolomite. The Reward Dolomite 
contains a variety of sedimentary structures, stromatolites and acicular 
gypsum pseudomorphs (Brown et al., 1978). A variety of deposit.i.onal 
environments has been inferred for the Reward Dolomite, varying from 
subtidal to supratidal, indicating a return to depositional conditions 
similar to those occurring prior to deposition of the Barney Creek 
Formation. The overlying Batten Sub-group (Table 1-2) is a series of 
shallow water cPrbonate and arentic sediments, broadly similar to the 
units below the Barney Creek Formation. Volcanic ash continued to be 
deposited intermittently during this stage. 
The model adopted for the environment of deposition of the 
sediments above the Barney Creek Formation is the one proposed by 
Jackson et al. (1978), which js similar to the one proposed for the 
sequence belO\v the Barney Creek Frnmation by \.Jalker et al. (l977a). 
These authors co~sider the sediments were deposited in a sabkha and/or 
saline lacustrine environment. Jackson et al. (1978) have drmm 
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FIGURE 2-44 Diagr~matic representation of the depositionai environment after 
deposi~ion of the H.Y.C. Pyritic Shale ~!ember (not to s~~le). 
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FIGURE 2-44 Diagramatic representation of the depositional environment after 
deposition of the H.Y.C. Pyritic Shale Member (not to scale). 
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analogies \vith the Coorong Lagoon and Harion Lake systems in South 
Australia. 
2-6 SUHHARY AND CONCLUSIONS 
60. 
The Barney Creek Formation is a wedge of interbedded pyritic, 
bituminous dolomitic shales and sedimentary breccia, sandwiched between 
the Coxco and Reward Dolomites which are shallow water carbonate sedi-
ments. The formation thins westwm:d away from the Emu Fault. 
Deposition oE the formation viaS initiated and controlled by 
movement along the \~estern and Emu l'aul ts, a £milt system forming the 
eastern boundary of the area of deposition. The formation was deposited 
in a series of sub-basins, which Here developed either as a response to 
compressional forces related to the Emu and associated faults, or fault-
ing sympathetic Hith movement along the Emu Fault at the close of a 
long period of shallo\>7 Hater carbonate sed~nentation. 
The Barney Creek Formation is comprised of three members, the 
\~-Fold Shale Hember, the H.Y.C. Pyritic Shale Hembe·r and the Cooley 
Dolomite Member. The W-Fold Shale below present day sub-basins, is a 
series of interbedded green and red shales and around the margins of 
present day sub-basins a pink and/or green dolomite. 
The H.Y.C. Pyritic Shale Member consists of interbedded dolomitic 
pyritic shale, sedimentary breccia, tuff, dolomite concretions, nodular 
dolomite, and black chert. The shales vary [rom thinly laminated to 
medium bedded, and are composed mainly of quartz, K-feldspar, ferroan 
dolomite, clay minerals and sulfides. Three types of sedimentary breccia 
are recognized, Type I, Type ll and Type Ill, on the basis of their 
clast types and area of origin. Tuff beds oLcur irregularly throughout 
the sequence. Diagenetic processes, especially in the shale beds, 
include the groHth of: dolomite concretions and nodular dolomite, the 
......... -------------------
latter possibly being pseudomorphous after gypsum Bnd/or anhydrite. 
Black chert nodules, with abundant microfossils, are essociated with 
Pb-Zn mineralization. 
The Cooley Dolomite Hember has been reinterpreted as a talus 
slope breccia, deposited adjacent to an active fault system, the Emu 
Fault. 
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The rate or deposition in the individual sub-basins was dependent 
on the availability of debris, which was supplied by fault bounded blocks 
and/or domes of older McArthur Group sediment~, which were continually 
raised and eroded. From the limited clata available it appears that the 
sub-basins \•Jere simple depressions, i.n which the water level varied from 
relatively deep to very shallow. At times it is possjble that the sub-
basin ~loors were emergent and dessicated. 
The ~lcArthur Basin represents a linear marine embayement, 
possibly analogous to the Petsian Gulf (Plumb et al. 1979), which is 
dominated by the northerly trending Batten Trough,considered by Murray 
(1975) to be a rift zone and by Plumb et al. (1979) an intracratonic 
graben. The sedimentary sequence, in the Batten Trough, below the 
Barney Creek Formation was deposited in a sabkha and/or saline lacus-
trine environment, the Barney Creek Formation in a saline lacustrine 
environm~nt, and the sequence above the Barney Creek Formation in a 
sabkha and/or saline lacustrine environment. 
It is suggesced that the depositional environment of the Barney 
Creek Formation is analogous to the Danakil and Afar Depressions in 
Ethiopia, located in a zone of active rifting (Taieb, 1974; Gasse, 1974) 
in which the partial isolation of marine gulfs has resulted in the 
evolution of a &aline lacustrine environment subject to oscillations in 
vJoter level (C.N.R.-C.N.R.S. AFAR TEhll, 1973). 
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CHAPTER 3 
HINERALOGY OF THE H.Y.C. PYRITIC SHALE !-!EMBER 
3-1 INTRODUCTION 
The object of this chapter is to describe the mineralogy of the 
tuff and shale beds fror.1 t~1e H. Y. C. Pyritic Shale Hember. The discussion 
is concerned mostly with material from the H.Y.C. sub-basin, but does 
mention some material from other sub-basins. The materlal described has 
been studied by optical micr0scopy (reflected and transmitted), electron 
microprobe, and X-ray diffraction techniques. 
The ciistribution of the minerals is discussec in Chapter 4 
and their mode of formation in Chapter 6. 
3-2 l'!INI:RALOC:Y OF THE TUFF BEDS 
Croxford and Jephcott (1972) studied the mineralogy of the tuff 
beds from Lhe H.Y.C. deposit and eoncluded their major components were 
K-feldspar and quartz with ferroan dolomite and clay minerals, and 
accessory rutile, zircon and apatite. From X-ray diffraction data and 
the occurrence of lozenge shaped crystals they determined the K-feldspar 
to be adularia. In addition, Croxford (1968) recorded the possible 
occurrence of albite, and this study has confirmed its occurrence which, 
in some tuff beds, is quite extensive. 
7:n this study the majority of the namples examined contain 
evidence of vitroclastic material, especially crystal fragments and 
occasionally relict shards, supporting the theory that they were 
originally deposited as fine volcanic debris. 
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HJ.NERA'LOGY OF THE H.Y.C. PYRITIC SHALE !'!EMBER 
3-1 INTRODUCTION 
62. 
The object of this chapter is to describe the mineralogy of the 
tuff and shale beds from the H.Y.C. Pyritic Shale Nernber. The discussion 
is concerned mostly with material from the H.Y.C. sub-basin, but does 
mention some material from other sub-basins. The mater:Lal described has 
been studied by optical microscopy (reflected and transmitted), electron 
microprobe, and X-ray diffraction techniques. 
The distribution of the minerals is discussed in Chapter 4 
and their mode of formation in Chapter 6. 
3-2 HINI:RALOGY 017 THE TUFF HEDS 
3-2.1 Introduction 
Croxford and Jephcott (19/2) studied the mineralogy of the tuff 
beds from the H.Y.C. deposit and concluded their major components were 
K-feldspar and quartz with ferroan dolomite and clay minerals, and 
accessory rutile, zircon and apatite. From X-ray diffraction data and 
the occurrence of lozenge shaped crystals they determined the K-feldspar 
to be adularia. In addition, Croxford (1968) recorded the possible 
occurrence of albite, and this study has confirmed its occurrence which, 
in some tuff beds, is quite extensive. 
In this study thr; majority of tlte sumples examh1ed contain 
evidence of vitroclastic material, especially crystal fragments and 
occasiomdly relict shards, supportinr~ the theory thaL they were 
originallv deposited as fine volcanic debris. 
3.2.2 Feldspar 
3-2.2.a Habit 
63. 
K-feldspar and albite occur both independently and together in 
any one sample. With the exception of albite twinning in the albite, 
both are morphologically similar, occurring in the following habits: 
(a) as matri~, where grains are clear to very weakly cloudy, 
angular and intergr01vn, 1dth undulo.se extinction. Grain 
sizes within individual beds varies from area to area -
with maximums of 10 to 25 microns (Plate 2Q). Shards, and 
occasionally crystal fragments of feldspar, are replaced 
by feldspar of this habit. No visible luminescence is 
generated when this type of feldspar is bombarded by 
electrons using the electron microprobe analyser. 
(b) as elongate angular (crystal) fragments up to 200 microns 
in length. Weak to strong clay alteration and feldspar 
overgrowths are a common feature of these grains (plate 20). 
Again, no visible luminescence is generated under electron 
bombardment; 
(c) as overgrowths around the margins of feldspar crystal frag-
ments (plate 20). Microprobe results (see J.ater) suggest 
that in selected areas overgrowths consist 01 finely 
intergrown albite and ~-feldspar. Again, no visible 
luminescence is generated under electron bombardment. 
(d) filling late stage cross cutting veins. This feldspar 
too does not luminesce under electron bombardment. 
(e) as detrital rounded grains which do luminesce \vhen 
bombarded by electrons. 
l)late 19 
Plate 20 
Plate 21 
Vitrcclastic te-,u~es (shards) preserved in a pyrite 
concretion from the tuff in 5 orebody, H.Y.C. deposit 
(drill hole 124/51, 149.4m). Pyrite lwhit~is second 
generation pyrite (Py 2: plates 24 and 26), formed after 
the growth of diagenetic pyrite (Py.). The shards have 
J. 
been pseudomorph~d by sphalerite (dark grey), quartz, 
feldspar, and dolomite (bl~:k). Field of view is 0.5mm 
wide. (Polished section, plane polarized light, in air). 
Feldspar textures occurring in the tuffs from the H.Y.C. 
Pyritic Shale Member (drill hole 124/51, 149.4m; 5 orebody 
tuEf, H.Y.C. deposit). The feldspar core has been largely 
altered to illite and kaolinite. The feldspar overgrowth 
(light grey) is unaltered. The matrix is composed of 
intergrown quartz and feldspar, ferroan dolomite, and 
organic carbon. The field oE view is 510 microns wide. 
(Thin section, crossed polars). 
Lozenge shaped, euhedral feldspar crystals occurring in 
the 7 orebody tuff, H.Y.C. deposit (drill hole Rl0/70, 
J67.9m). Feldspar with this hab:Lt commonly occurs as 
inclusions in coarse grained sphalerite (dark grey). 
Small white specks are diagenetic pyrite (Py1). Lozenge 
shaped crystal is 75 microns long (Polished sectic , 
plane polarized light, in air.). 
Plate 22 
Plate 23 
Plate 2LI 
Ferroan dolomite rhomb and anhedral ferroan dolomite set 
in a matrix of intergrown quartz and feldspar with .f.err.oan 
dolomite; albite tuff, H.Y.C. Pyritic Shale Member, H.Y.C. 
sub-basin (drill hole Ml7/08; 63.6m). Field of view is 
510 microns wide. (thin section, crossed polars). 
Angular quartz fragment with quartz overgrowth set in a 
matrix of inter.grown quartz, feldspar. and ferroan dolomite, 
Upper Stylolite Marker tuff, H. Y. C. Pyr. itic Shale Hember., 
H.Y.C. sub-basin (drill hole Kl6/65, 190.7m). Field of 
view is 510 microns wide. (thin section, crossed polars). 
Pyrite concretion preserved in the Upper. Stylolite Marker 
tuff., H.Y.C. Pyritic Shale Member., H.Y.C. sub-basin 
(drill hole M20/02, 188.8m). The pyrite concretion (white) 
is composed of second generation pyrite (Py 2) and contains 
abundant inclusions of first generation diagenetic euhedral 
pyrite crystals (these are less than 0.5mm across in the 
plate, and particularly abundant on the right hand side of 
the concretion). \olell preserved shards have been 
pseudomorphed by quartz, feldspar, carbonate, sphalerite, 
and galena (plate 19). The concretion is set in a matrix 
oE intergrown quartz and feldspar with ferroan dolomite 
and organic carbon. Scattered euhedral pyrite (Py1) 
crystals ocrur in the matrix. No shards or vitroclastic 
textures are recognised outside the pyrite concretion 
(plate 25). Field of. view is 2mm wide. (Polished section, 
plane polarized light, in air). 
Plate 25 
Plate 26 
Pyrite concretion (black), as for plate 24, showing the 
intergrown quartz, feldspar, ferroan dolomite and organic 
carbon matrix and the absence of shards and vitroclastic 
textures. Field of view is 2mm wide. (Th:Ln section, 
crossed polars). 
Spherical pyrite, (7 orebody, H.Y.C. deposit) comprised 
of three· generations of pyrite '.drill hole MZ4/08, 
264.3m). Diagenetic euhedral pyrite (Py1) crystals 
(light grey, centre of sphere) are surrounded by a 
second generation pyrite (Py 2) sphere which is 20 
microns across (darker grey). The Py2 sphere is 
separated from the third generation pyrite (Py3) by a 
thin carbon sheath (black). The Py3 sphere is 100 
microns across. (Polished section, plane polarized 
light, in oil). 
25 
In addition to the habits listed above which are seen in tuff 
beds throughout the McArthur River district, K-feldspar from tuff beds 
in the H.Y.C. mineralized horizon occurs as, 
(a) ..:oarse intergrown and anhedral grains, up to approximately 
160 microns across, with sulfide inclusions. 
(b) lozenge-shaped ~rystals of adularia habit, often completely 
surrounded by sphalerite (plate 21). Feldspar with this 
habit has been documented by Croxford (1968) and Croxford 
and Jephcott (1972). 
3-2.2.b Chemistt:_:,.:_ 
The chemical composition of the feldspars has been determined 
by electron microprobe analysis. Hithin any given specimen there is no 
chemical diEference between matrix, overgrowth, replacement shard, 
crystal fragment or vein feldspar. Representative chemical compositions 
of K-feldspars, from samples \·lhich contain only !<.-feldspar, are listed 
in -- ie 1. The feldspar is almost pure end member K-feJ.dspm:, 
con ~1~; .g only minor sodium and no detectable calcium. 
Representative albite compositions ·:or samples which contain 
only albite, are listed in T-:l.Jle 3-2. Like the K-feldspar analyses, 
the albile a~proaches end member composition, containing only minor 
potassium and 1:arely minor calcium. 
ln areas \-lher.e samples contain hath K-felC:spar and albite, 
electron microprobe analysis reveal compositions varying from albite 
end member to K-feldspar end member; but X-ray diffraction data 
delineates distinct albite and K-feldspar phases. This suggests that 
the relatively large range of det:ected sodium values in the !<.-feldspar 
and potassium in the albite from samples containing both K-feldspar 
Drill Hole HcArthur 2DD Nl7/08DD H20/02DD Hll!/72DD Pl6/28DD 009/13DD Theoretical 
Depth (m) 78,/1 204.9 294.8 427.9 166.6 206.9 t-!icrocline 
Si02 64.85 65.07 64.82 64.73 64.87 65.03 6·4. 76 
Al20 3 18.61 18.33 18.47 18. '37 18.32 18.40 18.32 
GaO 
Na20 0.29 
K20 16. 5Lf 16.18 16.72 16.89 16.80 16.57 16.92 
Total 100.00 99.87 100.01 99.99 99.99 100.00 100.00 
Numher of ions on the basis of 32 oxygen 
Si 11.99 12.01 11.99 11.99 12.01 12.02 12.00 
Al b.05 3.99 4.03 4.01 4.00 4.01 4.00 
Ca 0.00 Cl.OO 0.00 0.00 0.00 0.00 0.00 
Na 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
K 3.89 3.81 3.95 3.99 3.97 3.91 4.00 
Total 19.93 19.91 19.97 ].9. 99 19.98 19. 9lf 20.00 
Table 3-1 K-feldspar composition from tuff beds; determined by electron microprobe analysis. 
Drill Hole Emu 5DD N20/62DD r120/02DD 022/lODD Hl7/08DD Theoretical 
Depth (m) 49 5. L1 82.0 42.4 66.4 64.0 Albite 
Si02 68.21 67.94 68.06 68.03 68.05 68.73 
Al2 03 19.66 19.88 19.92 19. 8L1 19.79 19 .!1L1 
CaD 0.07 0.10 0.00 
N~O 11.95 11.66 11.85 11.90 ll. 72 11.83 
[~0 0.18 0. 30 0.17 0.16 0.34 0.00 
Total 100.00 99.78 100.00 100.00 100.00 100.00 
Number of ions on the basis of 32 oxygen 
Si 11.94 11.90 11.91 11.91 ll. 91 12.00 
Al 4.06 L1 .10 L1.11 4.09 4.08 4.00 
Ca 0.00 0.00 O.OC' 0.12 0.19 0.00 
Na 4.05 3.96 4.02 4.04 3.98 4.00 
K 0.04 0.07 0.04 0.04 0.08 0.00 
Total 20.09 20.03 20.08 20.20 20.24 20.00 
Table 3-2 Albite composition from tuff beds; dete,·mined by electron microprobr· analysis. 
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and albite, is due to the presence of fine intergrown K-feldspar 
<Jnd albite a few microns across, rather Lhan solid solution which is 
characteristic of feldspar formed at higher temperatures (Figure 3-1). 
HhetLe·: the intergrowths ar2 due to exsolution, replacement or co-
precip.' tation cannot be determined. The intergrowths occur as over-
growths and replacing crystal Eragments and shards. 
3.2.2.c Structure 
67. 
The cell dimensions of K-feldspar have been determined in ten 
samples in which it occurs in sufficient concentration to permit accurate 
measurement of peak positions. The samples were treated with 10% hydro-
chloric acid to remove carbonate and three mounts were prepared for each 
sample. The feldspar peak positions were measured accurately (with 
reference to an j~ternal silicon standard) and the values for each peak 
from the three mounts averaged before the unit cell parameters were 
determined by a least squares refinement programme. The locations of the 
samples studied are listed in Table 3-3 and the 'b' an:l 'c' cell para-
meters have been plotted on a 'b-e' plot (Figure 3-2), which gjves an 
estimation of the K, Na substitution and the structural state of the unit 
cell. Substitution 0f Na for K causes both 'b' and 'c' to decrease, 
where AS Si, Al ordering causes 'b' to decrease and 'c' to increase (Smith, 
197<'1). 
The cell dimensions of the samples studied all fall along the 
high sanidine - maximum microcline end of the 'b-e' plot, indicating they 
contain very little Na in their lattice, a feature previously determined 
by electron microprobe analysis (section 3-2.2.b). The degree of Si, Al 
ordering is variable, samples from the H.Y.C. sub-basin cluster around 
the potassium end of the P50-P56 orthcl-1se series of Wright and Stewart 
(1968), and samples collected away from the H.Y.C. sub-basin scatter 
.......... -------------------
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YIGURE 3-1 Relationship between the chemical composition of the 
alkali feldspars and the jnfluence of temperature of 
formation (adapted from Berry and Nason, 1959, 
Orville, 1963). 
Drill Hrytle 2DD Barney Ck. N27/63DD I24/51DD Emu 2DD Lynott 2DD HcArthur 2DD 022/lODD 029/63DD H24/SODD 
Hole 3DD 
Depth 219.3 160.8 158.1 1Lf9. 4 152.4 9S.O 78.4 310.1 189.7 283.1 
(m) 
hkl 
-204 1. 7988 1. 7962 1. 7969 l. 7955 l. 8011 1. 80ll 1. 7967 1. 798 
113 1.8529 
31J. 2.0699 2.0634 
060 2.1647 2.1669 2.1628 2.1667 2.1639 2.1643 2.1600 2.1673 2.1642 2.166 
-241 2.5865 2.5856 2.5824 2.5856 2.5803 2.5831 2. 5814 2.582 2.582 
-132 2. 7694 2. 7673 2.7662 2.7692 2.7676 2. 7708 2.7660 2.7686 2.764 2.768 
400 l. 9306 1. 930Lf 1.9293 l. 9290 l. 9329 l. 9310 1. 931 
111 3.9474 3.9494 3.9590 3.9454 3.9466 3. 9465 3.949 3.955 
130 3. 7 887 3.7927 J.7916 3.7813 3.7859 3. 7910 3. 7 881 3.786 3, 78Lf 
-112 3.4633 3.4536 3.4744 3 ,I 3.4649 3.4689 3.4740 3.4651 3.467 3.468 
-202 3.2898 3.2940 3. ~- 3.2898 3.2940 3.290 3.291 
002 3.2351 3.2322 3. 2432 3.2310 3.2383 3.2379 3. 2420 3.237 3.236 
131 2.9951 2.9984 2.9996 2.9951 2.9929 2.9961 3.0020 2.997 2.998 
0Lf1 2.8994 2. 9071 2.9051 2.9006 2.9091 2.9035 
a 8.6838 8.5996 8.6610 8.6035 8.6319 8.5919 8.5890 8.6422 8.5805 8.5966 
b 12.9893 1].0160 12.9837 13.0119 12.9830 13.0037 12.9614 ]'3.0048 12.9945 13.0044 
c 7. 1994 7.1884 7 .1922 7.1865 7.2063 7.1969 7.2170 I., 917 7.1962 7.1954 
Table 3-3 Cell dimt:~sions and comparative x-ray diffractcmeter data for potash feldspars from the NcArthur 
River area. 
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FIGURE 3-2 Plot of 'b' and 'c' cell dimensions of K-feldspar from 
the l•\cArthur J<jvcr are<.~. Sample locations (1) HcArthur 
River2, 78.4m; (2) Emu 2, 152.L,m; (3) Hyrtle 2, 219.3m; 
(l1) 029/63 189. 7m; (5) N27/63, 158.lm; (6) Lynott 1, 
98.0m; (7) }124/50, 283.lm; (8) 022/10, 310.1m; 
(9) Barney Creek 3, 160.8m; (10) 124/51, H9.4m. 
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69. 
along the high sanidine - maximum microcline end of the plot, indicating 
the authigenic K-feldspar associated with the mineralization is poorly 
ordered, while the authigenic feldspar away from mineralization varies 
from well to poorly ordered. 
A similar structural study of the albite rich rocks from the 
McArthur area \vas unsuccessful. It was impossible to measure accurately 
enough diffraction peaks, due to low albite concentration and/or K-feldspar 
contamination. 
3-2.3 Carbonate 
Carbonate is present in all tl1e samples examined, varying 
from less than lv1t.% to greate·: than 27wt.%C0 2 (Appendix A). It occurs 
as dolomite, ferroan dolomite and calcite. One or more of these minerals 
may occur in any one sample. 
Dolomite, a ubiquitous component of the tuff beds, occurs as 
euhedral crystals and anhedral aggregates, up to 200 microns across. It 
often contains inclusions of feldspar, quartz and pyrite, probably Py 1 
(section 1-5) (plate 22). Dolomite occasionally pseudomorphs shards, and 
is the major component of late staGe cross cutting veins. 
Electron microprobe analysis uf the dolomite, from about 
100 samples in the HcArthur River area, indicates that it ranges in 
compo~tion from dolomite to Eerroan dolomite, with iran content from 
Owt.% to 10\vt.% FeO and manganese from 0\.Jt.% to 7wt.% :·'nO (Tnble 3-4 and 
3-5). Iron and manganese display a strong negative correlation with 
magnesium, jndicating that iron and manganese are substituting for 
magnesium in the carbonate lattice 
(Figures 3-3 an~ 3-4· Thr- e are 
only minor variations in the Ca/Hg+Fe+Mn ratio, indicati:?, that the 
caco
3 
content of the dolomite is consistent at about 60 mole % 
(Figures 
Drill Hole HcArthur 2DD Ql3/44D Pl6/28DD Pl6/28DD Fl5/90DD Fl5/90DD Theoretical 
Depth (m) 78 .lf 326.8 166.6 166.6 53.6 98.2 Dolomite 
FeO 3.14 0.00 5.88 0.49 10.32 7.06 0.00 
HnO 0.54 0.00 0.72 0.00 1..43 4.84 0.00 
NgO 18.91 20.97 17.20 20.36 13.71 13.05 21.. 70 
CaO 28.75 30.68 29.86 31.39 29.14 27.93 30.40 
Total 51.34 51..65 53.66 52.24 54.60 52.88 52.10 
Number of ions on the basis uf 2. oxygen 
Fe 0.08 0.00 0.16 0.01 0.28 0.20 0.00 
1'\n 0.02 0.00 0.02 0.00 0. 04 0.14 0.00 
Ng 0.90 0.97 0.81 0.94 o.6n 0.66 1. 00 
Ca 0.99 1.. 02 l. 01 l. 04 1. OJ. l. 01 1. 00 
Total 1. 99 l. 99 2.00 1.. 99 1. 99 2.01 2.00 
Table 3-4 Dolomite and Ferroan Dolomite compositions from tuff beds; electron microprobe analysis. 
Hole H24/50DD Teena 4DD N27/64DD Fl5/90DD H2C/02DD 022/lODD Theoretical 
Depth (m) 349.3 753.2 33J. 9 78.8 3LI 9. 3 c~,.i_cite 
FeO 9.03 '3.14 10.21 l. 36 o.co 0./.0 0.00 
MnO 7.02 0.94 '3. 4 2 0. 92 0.90 0.00 0.00 
HgO 10.13 19.21 11.90 0. 3'~ 0.00 0.00 0.00 
CaO 27.74 29.74 29. L,o 50.54 52. SL, 51.19 56.00 
Total 53.92 53.03 54.93 53.16 53.74 51.26 56.00 
Number of ions on the basis of 2 oxygen 
------
Fe 0.26 0.08 0.28 0.04 0.00 (1.01 0.00 
Hn 0. 20 0.03 0.10 0.03 0.03 0.00 0.00 
Hg 0.52 0.90 o. 58 0.18 0.00 'l.OO 0.00 
Ca l. 02 l. 00 l. OL, 1. 90 1. 97 l. 99 2.00 
-------
Total 2.00 2.01 2.00 2.15 2.00 2.00 2.00 
Table 3-5 Ferroan Dolomite and Calcite ::ompositions from tuff beds; electron . d.c:roprobe analysis . 
0 
[ 
2: 
+ 
0 
GJ 
LL 
0 
[ 
2: 
+ 
0 
GJ 
lJ_ 
18 
12 
6 
0 
MgO 
FIGURE 3-3. FeO+MnO versus MgO for dolomite 
from ·th5 A 1 bite, Upper Sty 1 o 1 i te Marker, 
and 2/3 interore bed tuffs CE~ectron 
microprobe data). 
18 
+ 
+ 
12 
6 
0 
0 5 10 
MgO 
FIGURE 3-4. FeO+MnO versus MgO for dolomite 
from the Lower Dolomitic Shale tuff 
(Electron microprobe data). 
3-5 and 3-6) . Dolomite with excess caco3 has been reported by Deer 
et al. (1967). 
72. 
The HnO/FeO ratio of the dolomite is relatively constant within 
stratigraphic units but varies between tuff beds (Figure 3.7). The ratio 
is lowest in dolomite from the albitic tuff, Upper Stylolite Harker, and 
5 orebody tuff beds, and high~st immediately below the mineralized horizon 
in the tuff from the Lower Dolomitic Shales (Figure 4-1). A similar 
increase in manganese, below the mineralized horizon, was recorded by 
Lambert & Scott (1973). 
3-2.3. b Calc:i te 
Hiner calcite has been identified by electron microprobe 
analysis and x-ray diffraction techniques. The composition of the 
calcite (Table 3-5) varies from Owt.% to 1.4wt.% FeO, Owt.% to 0.9wt.% 
HnO, and Owt.% to 0.3wt.% HgO. With the exception of rare cross cutting 
veins, calcite has not been observed in thin section, despite the use of 
carbonate staining techniques (Dickson, 1965). 
The pa-ragenetic sequence of the ca-rbonate minerals has not 
been dete-rmined, due to the difficulty in identifying calcite in thin 
section. 
3-2.3.c Vein Dolomite 
Dolomite is the most abundant mjne-ral in late stage c-ross 
cutting veins. Electron microprobe analysis of the dolomite indicates 
that its clt2mical composition is similar to tile chemical composition of 
the dolomite from its host sediment. Iron varies from lwt.% to Bwt.% 
FeO, and manganese from Owt.% to 2Ht.% J.>lnO (Figure 3-8) . Fe and J.>ln 
substitute for magnesium in the carbonate lattjce (Figure 3-9). The 
small variatio,l in the Ca/Hg+Fe+Mn ratio indicates that caco3 content 
is constant at about 60 mole% (Figure 3-10). The MnO/FeO ratio 
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3-2.4 Quartz 
73. 
Quartz is a ubiquitous component of all samples examined nnd 
is often the most abundant mineral. 
It occurs with the following habits; 
(a) as angular, often slither-like fragments interpreted by Croxford 
and Jephcott (1972) to be volcanic crystal fragments (plate 23). 
(b) as overgrowths (plate 23) around the sllther-like fragments. 
These often include pyrite (Py1) antl occasionally carbonate. 
(c) as matrix, intergrown with feldspar (plate 20 and 25). 
(rl) as very rare euhedral crystals usually associated with 
sphaleLite in the mineralized horizon. 
(e) as replacements to shards and adularia crystals. 
(f) as late stage cross cutting veins. 
3-2.5 Chlorite 
The presence of chlorite in the tuffs was revealed by X-ray 
diffraction studies of orientated mounts of the less than 2 micron size 
fraction. A study of the peak intensities of the basal reflections 
(Carroll, 1970; Oinuma et al, 1972) indicate::; that two types of chlorite 
occur in the tuff beds 
(1) An Fe-rich varieLy \vith strong 2nd and 4th basal reflections 
and very weak (Lo non-existent) 1st and 3rd basal reflections, 
and 
(2) a low Fe/Mg variety with weak to moderate 1st and 3rd basal 
reflections as well asstrong 2nd and 4th basal reflections. 
Chlorite is only a minor constituent of the tuff beds, and is not 
recognized in x-ray difEraction charts of whole rock samples. Also it 
was not positively identified by optical techniques due to its fine grain 
size. 
Electron microprobe analysis of a vein chlurite from the 
mineralized horizon indicates that tt has a ripidolite composition. 
(Figure 3-11). 
_3-2. G }llite_ 
Illite varies from a major to a minor constituent, and has been 
identified by X-ray diffraction analysis oE the less than 2 micron size 
fraction, using orientated mounts. The broad and weakl} atiymmetric 1st 
and 2nd basal reflections, and the peak positions (especially the presen~e 
of a J.66A peak) indicate that it has a poorly crystallized 1M illite 
structure (Velde, 1965; Carroll, 1970). This structure indicates low 
temperatures and pressures of formation, and reflects the 101-1 metamorphic 
grade of McArthur sediments (Yoder and Eugster, 1955; Velde, 1965; Daniel 
and Hood, 1975). 
Illite was not positively identified under the microscope, due 
to its fine grain size. Examination of feldspar matrix, cryst·al fragments 
and overgrowths suggests at least one mode of illite occurrence is as a 
breakdown product of feldspar (plate 20). 
J-2. 7 Kao} inite 
Kaolinite is variable in abundance and has been identified by 
X-ray diffraction methods, using orientated mounts of the less than 2 
micron size fraction. The strong symmetry of the 1st basal reflection 
indicates it has an ordered structure, typical of kaolinite found in 
hydrothermally altered rocks (Carroll, 1970). 
Kaolinite was nut positively identified optically, due to its 
fine grain size. Like illl te it is believed to be in part a breakdm-m 
product of feldspar. 
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3-2.8 Pvrite 
A ubiquitous feature oE the tufi beds are scattered crystals of 
euhedr~l pyrite. 
These for:n larntaae and framboids, and ar·i! usually less 
t':1ar. 5 ::~Lcrcns c1crcss. They are identical t•J the diagenetic py-rite (Py 1) 
descr.ibec o:· ·.;Llliarns (1.978a) at th~ Ridge II deposit. The Py 1 i~ 
commonly rL~med b7 a sec~~d generation of pyrite, Py 2, w~ich is a darker 
:r·~ll.cw t 1~<.lr. ?:;L and cJrnrnonly sepa:-ated from Pyl. by a carbonaceot..S sheath. 
?:: , c:Gmrnc;-:~:: .: • .:c;JtS tl:le euhedr.1l vL•tLLne or P:'l' with Py 2 rims usually 
bec·.veen ..'. 1nJ ) mi·:rons in thickness. 
Py
2 
has been recognized in most 
5ampi.es ,;;t·Jdied [rom a vdri.:ty .Jf locations. not only associated with 
b3.se meca~ mir..:ra~ization, but also up to 23kms away from the H.Y.C. 
P:1, also occurs as rr::1trix to Py1 
. . ' 
:r 1::10l: :...:..=. 
?t, ~1..rs \:ieen rec ~gr.ized by \-iLlLiams (l978a) at Ridge 1:, 
m·;: ·~rc:z:::::J lL9fJ:3;, and Cr·nf:.:>rd and Jephcott {1.972) in the a.·{.C. 
·:.:r .. : re: i..:ns <'up c.~ ~')mm ia diameter ar.d thin d iscont I.n..:u•lS beds 
(pLates 
\plate 24), 
... -:-::· 
- ~'-~_.".;_•:._:_· 1~ :_·_~ 
76. 
These contaiu well preserved shards but no pyrite. 
Marcasite also occurs as coarse grains in late stage cross-
cutting veins. 
~ Other sulfides 
Sphalerite and galena occur as scattered anhedral grains, 
occasionally concentrated into poorly defined laminae. Chalcopyrite 
occurs as rarE isolated anhedral grains and as inclusions in sphalerite. 
Arsenop~rite occurs in minor but variable amounts, usually as euhedral 
nystals. Sphalerite, galena and chalcopyrite frequently occur as late 
stage cross-cutting veins. 
3-3 HINERALOGY OF THE SHALES 
3-3.1 Introduction 
The mineralogy of the H.Y.C. Pyritic Shale has been described 
in detail by Rheinhold (1961), Croxford (1968), Croxford and Jephcott 
(1972), Lambert (1976) and Hilliams (1978a). The major constituents are 
quartz, K-feldspat, ferroan dolomite, chlorite, kaolin and illite. In 
this cltapter, only those ne~>Tly d:Lscovered features of the shales an! 
described. For a detailed description of the overall mineralogy the 
reader is referred to the papers ty the above authors (Table 1-3). 
3-3.2 Ields~!_ 
Electron microprobe studies have revealed two types of K-
feJ.dsrar i" tht . <J.les, H lum:Lnescent variety and a non-Juminescent: 
variety. The non-lum~cnesce\1t feldspar has a chemical composition 
approaching end membe·c K-Eeldspat (Table 3·-6), and individual grains 
have an irregular outline. These features are similar to K-feldspar, 
described earlier, occurring in the matrix o~ the tuf:f beds. 
The second K-feldspar lumjnesces in a pale blue colour and 
contains up to 1..16wt.% Nn
2
0 (Table 3-6), Euggesting this variety is 
*Kl6/6SDD *Kl6/65DD >'<Pl6/28DD *Pl6/28DD Pl6/28DD P16/28DD >'<P16/28DD 
277.5 277.5 284.6 284.6 28lf. 6 105.7 lf 3. 2 
64.87 64.37 64.48 6lf. so 64.78 6lf.lf4 65.48 
18.74 18.6~ 18.7 8 13.78 18.60 18.59 19.25 
0.00 0.00 0.10 0.09 0.00 0.00 0.26 
1.16 0.28 0.65 0.82 0.00 0.00 4.00 
15.23 16.71 15.99 15.63 16.62 16.52 11.01 
Total 100.00 100.00 100.00 99.82 100.00 99.55 100.00 
Number of ions on the basis of 32 oxygen 
Si 11.95 11.93 11.92 11.91 11.98 11.93 11.89 
Al lf. 07 lf. 07 lf. 09 4.09 4.05 lf. OS 4.12 
Ca 0.00 0.00 0.02 0.02 0.00 0.00 0.05 
Na 0.41 0.10 0.23 0.29 0.00 0.00 1.41 
K 3.58 3.95 3. 77 3.68 3. 92 3.90 2.55 
Total 20.01 20.05 20.03 19.99 19.95 19.88 20.02 
Table 3-6 Feldspar compositions from shales from the H.Y.C. sub-basin; electron microprobe analysis. 
,., Sample lu~tneses when bombarded by electrons. 
-..J 
-..J 
detrital in origin (Kastner, 1971). These features contrast sharply 
with the K-·feldspar from the turf beds ancl the majority o.E the K-· 
feldspar from the shales. 
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Albite has been identified from the shales in the H.Y.C. sub-
basin only by X-ray diffraction techniques. It occurs in shales both 
in and above the mineralized horizon, but no data are available on its 
chemical composition. 
3-3.3 Dolomite 
Dolomite varies from a major to a minor constituent. Electron 
microprobe analysis of the dolomite indicates that it ranges in' composi-
tion [rom dolomite to ferroan dolomite, with iron content from Owt.% to 
14wt.% FeO, and manganese from Owt.% to 2wt.% MnO (Figure 3-12). Iron 
and manganese display a strong negative correlation with magnesium, 
indicating that iron and manganese are substituting for magnesium in 
the carbonate lattice (l'igure 3-13), similar to dolomite in the tuff 
beds. There are only minor variations in the Ca/Mg+Fe+l'tn ratio 
(Figure 3-14) , indicating that the Caco3 content of the dolomite is 
consistent at about 60 mole %, identical to the dolomite in the tuff beds. 
The MnO/FeO ratio (Figure 3-12) shows only n weak correlation. 
3-3.Lf Calcite 
l<inor calcite hc.s been detected by X -ray diffraction t: hniques 
in several cl\Ji, ic . .,,,,
1
Jlcs, but it has not been obsE:rved optically, and 
there nrc no data ;1vai l;1ble on its cilem:Lral composition. The par agenetic 
sequence of the cm:bonate minerals has not been determined, due to the 
small number of: thin sections examined and the fine grain size of the 
calcite. 
0 
[ 
2 
0 
[ 
2 
+ 
G 
J) 
l.L 
8 
4 
+ + 
+ 
+ _::1;---
-r tf:+ .---·1' __ . .----· 
2 
r == 45 
__ ... --
8 
.:t-i--*-_.c..- . r- -1· 
0 
.. -~~=--- + ·t,.. ·It- + 
·-+--+-H+-1------·~------ 12 
0 4 
FeD 
FICURE 3-12. tv\nD ver-sus FeD for dolomite fr-om 
Aholes (Electron microprobe dote). 
18 
6 
1.0 15 20 
i2l -- -----------·+-------------------·------~·--1:----
Cl 5 
HgD 
25 
F I CURE 3-13. F-. eO + tv\nD versus tv\gD for do 1om i te 
from choles (Electron microprobe 
dot.o). 
/ 
/_ __ 
I 
I 
!' 
I 
k II 
I 
I~ 
v 
F eO + ~\nO 50% 
j\ 
I / 7 
I 
7 
\ 
v ----- v __ 
CoO 
FlGi.J?I=_ :j-H. Chemical cornposit.ion of dolomite from 
sholr::J :i•• t~le H.'( C. sub--bcsin plot+-,ed :1t' -l·,hG 
CFeO+MnOj-CaO-MgO mole proportional diagram 
(Electron microprobe ~oto). 
79. 
3-3.5 Clays 
Chlorite, illite and kaolinite have been iJentified by X-ray 
diffraction analysis of the less than 2 micron size fraction of the shales, 
using orientated mounts, and are identical to those described from the 
tuff beds in sections 3-2.5 to 3-2.7. 
3-3.6 Pyrite 
Previous descriptions of the mineralogy of the H.Y.C. deposit 
have recongized two main varieites of pyrite (Rheinhold, 1961; Croxford, 
1968; Croxford nnd Jephcott, 1972; Lambert, 1976). Williams (l978a) 
identified similar pyrite types from the Ridge II deposit and named 
them Py
1
, a brassy yellov1 euhedral pyrite typical of diagenetic pyrite, 
and Py
2
, a dark yellow pyrite occurring as overgrowths around Py1 . His 
nomenclature is used in this thesis. 
This study (like previous studies) records the presence of 
euhedral Py
1 
throughout the shale sequence in the H.Y.C. sub-basin and 
also in areas av1ay from the l-1. Y. C. sub-basin. l'y 2 occurs as 
spherical overgrowths up to about 20 microns across (plate 26) in the 
mineralized horizon (Lamberl, 1976), and occurs in the shales above and 
below the mineralized horizon as thin overgrowths, about 4 to 5 microns 
wide which often adopt the euhedral outline of the Py1 core. 
This study has revealed the presence of a third and rare 
gene1ati<•n o• py1:itc, Py (pl<:te 26). JL· occurs rJ.s ye 1 tol·l sj,hericrJ.:!. 
j 
overgrowLhs, usually less than 5 microns vide but up to 120 mlcrons 
across, around Py
2 
overgrowths from which it Js sepa1~ted by a 
carbonacoous shc;Jth. It also occurs as thin lvispy margins around larger 
aggregrJ.tPs of Py2, and as large 'spongy' areas enclosing Py2 
and Pyl. 
Py 3 is similar in most t'e!Jpec ts to Py2 
and may represent a Jater period 
of Py formaLio;1. Very ran'lY sphrller:Lte anu galenn inclusions, up to 
2 
about 2 microns across, occur in Py 2 and Py3 . 
3-3.7 Narcas:Lte 
80. 
Nnrcasite occurs as rare scattered t\vinned euhedral crystals and 
as sub-spherical twinned grains. Rarely marcasite is rinuned by pyrite, 
with a similar habit to Py 2 , suggesting marcasite formed prior to the 
formation of Py 2 . 
3-3.8 Sphaler.lte 
The mole percent FeS in sphaler1te from 12 shale samples in 7 
orebody h3s been Jetermined by electron microprobe. Two sphalerites 
occur, one associated with nodular dolomite which contains between 5 
and 10 mole percent FeS, and a second, not associated with nodular 
do lomi. te, which contains be t\lleen 0. 8 and L, mole percent FeS. This. 
result is consistent with colour variations of the sphalerite. 
3-L, lJJ SCL'SSJ ON AND SUHt!ARY 
--- -
Tuff beds when first deposited, and prior to diagenetic alteration, 
are composed largely of volcanic glass and crystal fragments along with a 
detrital contribution from their depositional environ~ent (Pettijohn, 
19 57; Sh"! 'P<Jrcl 11nd Gud e, 1969) . From the ci<J ta presented in Chapter 2 
and this Chapter, it seems reasonable to <Jssume that the tuff beds in the 
H. y. C. Pyritic Shale ~!ember were no exception to this, and were composed 
of the Fo:lowing components at the time of deposition: 
(.l) '.·ulcanLc )j.l :>ss, including shards 
(2) vol~anic crysta1 £ragmen~s of feldsp<Jr and quartz 
(3) sedimentary or. 
(4) a small sedimentary detrital component, and 
(5) pore water, probably in the vicinit) of 80% by volume 
(Berner, J97l). 
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In contrast, it seems reasonable to assume that prior to dia~enesis 
the shales from the member were composed of the following components: 
(1) a srdimentary detrital component, compriseJ largely of 
carbo~ate, quartz, and clay minerals, with minor feldspar 
(2) sedimentary organic carbon 
(J) possibly a small volcanic component, consisting of volcanic 
glass and crystal fragments, and 
(l,) pore water, probably in;:the v:Lc:Lnity of 80% by volume 
(Berner, 1971). 
It therefore seems reasonable, based on the data presented in 
Chapter 2 and this Chapter, that the tuffs and shales have undergone 
considerable Jiagenetic alteration, in addition to normal dewatering 
processes, since their deposition. Diagenesis refers to the reactions 
which take place \~ithin the sediments betHeen one mineral and another 
mineral or betHeen one mineral and several minerais and the interstitial 
or pore fluids. It is achieved by the simple processes of chemical 
reorganization such as solution, precipitation, crystallization, re-
crystallization, oxidation and reduction, resulting in diagenetic 
processes such as cementation, authigenesis, diagenetic differention 
and segregation, and compaction. 
FrGm the available evidence it can be said that all these 
proccssr;s Vl•ere act-L\re during diagenesis of thr~ H. Y. C. l:yri tic Shal0 
Member, and the major features supporting this conclusion include, 
(1) the formation of overgroHth feldspar 
(2) the rcplucement of volcanic glas:o by feldspar 
(3) the nltcration of feldspar to iU ite and kaolinite 
( l,) the formation of overgrmo~th quartz 
(5) the replacement of volcanic glass by quartz 
(6) Lhe possible diagenetic fomation of black chert. 
(7) the formation of diagenetic pyrite (Py 1) by bacterial 
sulfate reduction reactions. 
(8) the formation of dolomite concretions 
(9) the formation of poss f I>' ->ulfate nodules and in turn 
their replacement by dolo:nl.te. 
(10) the formation of euhedral and nnhl'liT<J 1 do 1 omite 
82. 
(11) the reorganization of clay minerals by cation adsorpt1~n, and 
(12) compaction features such as the destruction of glass shards, 
and compaction of bedding around dolomite concretions. 
It is the zonal distribution of these diagenetic features 
which is discussed in Chapter 4 (non sulfide mineralis) and Chapter 5 
(sulfide minerals). 
An important aspect of the formation of the stratiform Pb/Zn 
mineralization at NcArthur is the reactions and timing of base metal 
sulfides relative to the above listed diagenetic changes, and this 
aspect of the mineralization is examined in Chapter 5. 
83. 
CHAPTER L1 
ZONATION OF NON-SULFIDE COHl'ONENTS 
4-1 INTRODUCTION 
This Chapter details the zoning of the non-sulfide minerals 
and geochemical components of the H.Y.C. Pyritic Shale Member in the 
vicinity of the H.Y.C. deposit. In additior it also contrasts the 
geochemical trends observed adjacent to the H.Y.C. deposit with data 
from the l!.Y.C. Pyritic Shale Hember from other areas. 
The majority of the data presented have been collected from 
tuff beds in the sequence, but additional data also come from certain 
shale horizons. From the H.Y.C. sub-basin 7 tuff beds and 4 shale 
horizons have been sampled, distributed between the Lower Dolomitic Sbale, 
mineralized horizon, ·Lmver Pyritic Shale, Bituminous Shale, and Upper 
Pyritic Shale (l'igures 2-8 and 4-1). Their stratigraphic relationships 
are illustrated in Figure 4-1. 
Each of the 4 shale horizons are located between sedimentary 
breccia beds (Chapter 2) which can be correlated across the H.Y.C. sub-
basin. The samples consist of continuous split (half) drill core, which 
varied in stratigraphic width from lOcm ~o lm. This sampling technique 
means that the horizons are not only lithostratigraphic equivalents but 
also chronostratigraphic equivalents. The number of samples collected 
from each bed or ho1iznn is v.~,:i.able, as sampling was depend0nt upon the 
availability of diamond drill core. The samples 8way from the H.Y.C. 
sub-basin are listed in Table 4-1 and Appendi~ A, and their drill hole 
locations nre shmvn in Figure 1-4. The samples have been studied by 
optical microscopy, electron microprobe, X-1:ay diffraction, X-ray 
flourcscencc and atomic absorption spectrometry techniques. 
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Shale horizon 4 
Shale horizon 3 
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Lower Dolomitic Shale tuff 
l 
Min cralizcd Hart zan 
l t 
Lower Dolomitic Shale 
_L_ 
Stratigraphic position of the tuff beds and Shale 
Horizons discussed in Chapter 4 and Chapter 5. 
Based on drill hole Ml7/08, H.Y.C. sub-basin. 
:Figures 2-1 and 2-8). 
':!:::J: FELDS__!'t\R_ZONlt-J.Q 
L,- 2. 1 Tu f [ 13ed s 
The feldspm: tn the tuff beds in the li.Y.C. sub-bas:Ln is e:l.thm: 
K-fcldspnr or alb:Lte, the habit, structure, and cornposidon of which are 
discussed in section 3-2.2. Within any individual tuff bed in the li.Y.C. 
sub-basin the feldspar component varies ln such a manner that individual 
samples may ~·ontain only K-fel.dspar, nlbi tc, or a combinEltion of both in 
varying proportL'Jns. 
Tile vadat:lon of tbe feldspar component within the indivi.dual 
tuff beds sampled is illustrated in Figures 4-2 to 4-8 and the main trends 
arc briefly discussed below. 
4-2. 1. a The ~~er Dolomitic Shale 
The tuff from the Lower Dolomitic Shale (Figure lt-2) is charac-
terized by a zone of K-feldspar and albite nearest the Cooley Dolom:Lte and 
a zone of albite away from the Cooley Dolomite. The boundary between 
the two zones trends north-south, paralleling the Cooley Dolomite - H.Y.C. 
Pyritic Shale contact. 
Lt-2 .1. b The 7./3 l11terore 13ed Tuff 
Data from the 2/3 interore bed tuff (Figure 4-3) are limited to 
7 diamond drill holes, making interpretation difficult. The data suggest 
that there is a K-feldspar zone along the southern and maybe northern 
edges of tl1r; sub·-basin, sepnrat:ecl by a zone of K-feldspar + albite. 
~_._~'TJ~_l.__crebo_c!_y 'Iuf f 
The 5 orebody tuff (Figure L,-L,) is composed mof'tly of K-
Eeldspar, except for a small K-fcldspar + nlbite zone ~1 the south-
western corner of the sub-basin, and an isolAted occurrence in the centre 
of the sub-basin (diamond drill ho 1 c J20/8H; fLgure 2-1). 
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L,- 2. 1. d Tl1e 7 orebody Tuff 
The distribution of feldspars in the 7 orebody tuff (Figure 4-5) 
is essentially the same as that in the 5 orebody tuff d(,:scr:Lbed above. 
4-2.l.e The Upper Stylolit~ Marker 
This tuff bed (Figure L,-6) is OltC of the thickest in the sub-
basin and can be divided into two zones of !<-feldspar, one along the 
southeast of the sub-basin and one along the northeast margin of the 
sub-basin. Between these two zones there is a zone of K-feldspar + minor 
albite which grades westward away from the Cooley Dolomite into a zone 
of albite + minor K-feldspar. 
4-2.l.f The T2/l Tuff 
This tuff bed (Figure L,-7) grades [rom a K-feldspar zone to a 
K-feldspar + albite zone! northwestwards away from the Cooley Dulomite. 
~~ The Alb:i.tic Tuff 
This tuff bed (Figure 4-8) consists of a K-feldspar zone 
adjacent to the Cooley Dolomite in the southeastern area of the sub-basin. 
The K-feldspar zone grades northwestwards into a narrow zone of !<-feldspar 
+ albite ~.-!1ich in turn grades intc an albite zone. 
4-2.l.h H.Y.C. Stratigraphic Section 
Figure 4-9 is an E-W cross-section through th~ southern end of 
the H.Y.C. sub-basin, marked A-A' on Figures 4-2 to 4-8. The feldspar 
component [rom each of the seven tuff bedF described above has been 
plotted, and the !<-feldspar, albite and K-rwldspar + albite zones 
delineated. 
lt ran be seen that with increasing distance from the Cooley 
Dolomite and with increasing distance above the mineralized horizon 
there is a rhange in the feldspar component, from a K-f,·ldspar zone to 
a K-feldspar + albite zone and finally an albite zone. A similar tr~nd 
7 ore body tuff 
500m 
FIGURE 4-5 Variation of the feldspar component in the 7 orebody 
tuff (f"igure L1-l). (K:K-[eldspar; f\:J\lb:Lte). 
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occurs below the mineralized horizon, in the Lower Dolomitic Shales. 
Fro~ the available data for the 2/3 interore bed tuff, it appears that 
the feldspar ~omponent in this section of low grade base metal mineraliza-
tion (similar in base metal content and appearance to the Lower Dolomitic 
Shales; section 1-5 and 2-3.1 g behaves ~, a similar fashion to the 
feldspar component in the Lower Dolomitic Shale tuff; that is, there is 
a K-feldspar + albite zone squeezed between the overlying and underlying 
base metal mineralization. 
Figure 4-10 is an E-W cross-section through the H.Y.C. sub-basin 
similar to Figure 4-9, but through the nortl1ern end of the sub-basin and 
marked B-B' on Figures 4-2 to 4-8. A similar feldspar trend occurs in 
this cross-section to that which occurs in the southern cross-section. 
With increasing distance from the Cooley Dolomite and with increasing 
distance above the mineralized horizon, there is a progressive change from 
K-felrispar, to ](-feldspar + albite, to albite. 
4-2.1.i Emu Plains Sub-basin 
Diamond drill hole Emu 9, intersects the H.Y.C. Pyritic Shale 
Hember, ~~-Fold Shale Hember anr.l Teena Dolomite in the Emu Plains sub-
basin (Figure 1-4). The H.Y.C. shale intersected in the hole, consists 
of a sequence of interbedded dolomiti~ and pyritic shale, sedimentary 
breccia, and occasional tuff beds. A lens of stratiform base metal 
mineralization occurs near the base of the member, at approximately the 
same stratigraphic level aa the H.Y.C. deposit. The lens, the lateral 
extent of which is unknown, is approximately 51 meters thick and has an 
average Pb+Zn content of 2. Gwt. %. The W-Fold Shale Nernber and tlw Teena 
Dolomite contain nurner0us tuff beds. 
The feldspar component of the tuff beds in and below the 
mineraliZ(!d horizon from the iotersection is illustrated in Figure L,-11. 
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FIGURE 4-11 Variation of the feldspar component and the occurrence of 
calcite in tuff beds from diamond drill hole Emu 9 
(Figure 1-4), Emu Plains sub-basin. (K=K-felrJspar; 
A=Albite). 
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The mineralized horizon coincides 11ith a zone of albite, a·.\ below the 
mineralized horizon, in the W-Fold Shale and Teena Dolomite, there is a 
gradation from a K-feldspar + albite zone into a K-feldspar zone. 
_i-2. 1. j Regional Trends 
The feldspar component of 11 tuff beds from the Barney Creek 
Formation (Table lt-1) away from mineralization have been examined by 
X-ray diffraction techniques. All samples contain K-feldspar but no 
detectable albite. 
lt-2.2 Shales 
The variation of the feldspar component in the 4 Shale Horizons 
sampled (Figure 4-1) is illustrated in Figures 4-11 to 4-14, and the main 
trends an• briefly discussed below. Data were obtained by X-ray 
diffraction of samples after removal of sulfides and carbonate by acid 
digestion (d:Llute J!Cl and HN03). 
4-2.2.a Shale Horizon 1 
This shale horizon occurs at the base of 5 orebody and like the 
nearby 5 orebody tuff (Figure ~-4) contains predominantly K-feldspax. 
It also contains minor albite in the northeast of the sub-basin, and 
possibly trace albite in one sample in the centre of the sub-basin 
(Figure 4-12). 
4-2. 2. b Shale Horizon 2 
This shale horizon occurs approximately 5Jm above the 
mineralized horizon. The feldspar is predominantly K-feldspar but 
scattered holes have a trace albite component (Figure 4-13). 
l,- 2 . 2 , c ~S_b2J.:. c__i:~SJ_r i z o 12_]_ 
This horizon occ•trs approximately 90m above the mineralized 
horizon, and is composed mainly of K-feldspar but contains significant 
amounts o[ albite (Figur·~ 4-JlJ). Neither ·in this horizon nor -Ln 
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Location of tuff and shale samples studied in areas other than the 
U.Y.C. sub-basin and diamond jrill hole Emu 9. All samples are from 
the Barney Creek formation. Drill hole locations are shown in Figure 
1-l,. 
DRILL HOLE DEPTH(m) 
Emu 2 152.11 
Barney Creek 3 
Barney Creek 3 160.8 
Barney Creek 3 184 .l! 
Lynott 1 98.0 
Teena l, 753.2 
Hyrtle 2 103.3 
Hyrtle 2 219.3 
Hyrtle 2 227.9 
Hyl:t le 2 297.9 
Nyrtle 2 337.3 
BuHalo 3 320.8 
HcArthur River 2 78. L, 
(Previously B.H.R.2) 
HcArthur River 2 74.1 
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horizon 2 does the distribution of albite appear to be consistently 
zoned as it is in the intervening Upper Stylolite Marker tuff (Figure 
4-6). 
4-2.2.d Shale Horizon 4 
This horizon occurs approximately 160m above the mineralized 
horizon, and contains approximately equal amounts of K-feldspar and 
albite, exce~t in the southeast corner of the sub-basin where only 
K-feldspar is seen (Figure 4-15). This distribution is similar to that 
in the nearby T2/l tuff (Figure 4-7). 
l,-3 CARBONATE ZONING 
4-3.1 Dolomite- Dolomite+ Calcite 
Prior to this study t~e nnly calcite detected in the McArthur 
River area was as limestone clasts, in sedimentary breccia beds, below 
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the mineralized horizon in the H.Y.C. sub-basin (Lambert and Scott, 1973). 
The majority of the carbonate in the H.Y.C. sub-basin is ferroan 
dolomite (section 3-2.J.a), but in this study minor calcite has been 
detected by microprobe and X-ray diffraction techniques (section 3-2.3.b). 
Calcite (associated with dolomite) occurs in 4 tuff beds, which can be 
divided into 2 groups: 
(1) The tuff from the weakly minPralized Lower Dolomitic Shale 
and the 2/3 interore bed tuff (Figures 4-2 and l,-3) and 
(2) The T2/l and albite tuff beds from the ~f the 
stratigraphic sequenc~ in the ~ub-basin (Figures 4-7 and 
l1-8). 
Mlnor amounts of calcite (associated with dolomite) a!so 
occur in Shale Horizon 1 along the western margin of the sub-basin 
(Figure l,-12) and Shale Horizon 2 Ln a ~1eakly devP.loped [(-feldspar-
albite zone (Figure 4-13). 
SHALE HORIZON 4 
FIGURJ: l1-.IS Voriat:Lon in the feldspar component in Shale Horizon l1 
(Figure <1-1). (K=K-fe]dspar; A=Alb:Lte). 
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Figure 4-16 is a cross-section through the H.Y.C. sub-basin 
maJ:ked C-C' on Fi.gures L,-12 to L,-15. It H1ustrntes the whole rock 
HgO/Ca ratio of the 5 orebody tuff, Upper Stylolite l'larker, albitic 
tuff and the four Shale Horizons (Figure 4-1). It outlines a decrease 
i.n HgO with increasing distance above the mineralized horizon and away 
from the Cooley Dolomite. The data is in agreement \vith the dolomite-
dolomite + calcite (mineral) zoning detailed above. 
In the Emu Plains sub-basin, diamond drill hole Emu 9 contains 
minor calcite (associated with c1.olomite) belov7 the mine·ralized horizon 
(Figure L,-11). 
Calcite has not been recorded in the H.Y.C. Pyritic Shale 
Member in areas away from mineralization. 
-4-4 CLAY HINERAL ZONING 
The clay content of all the shale and tuff samples used in this 
study were determined using standard X.R.D. techniques (Carroll, 1970). 
The datn obtained revealed no spatial variations in the proportions of 
the tLree clays characterising the samples, illite, kaolinite, and 
chlorite. However two features of the clay minerals which do show some 
variations are the percentage of feldspar altered to clay, and the cry-
stallinity oE illite. 
4-4.1 Feldspar Alteration 
A variation in the percentage of K-feJ.dspar and albite altered 
to clay in the tuff beds has bee observed by optical methods, but could 
not be readily quantified. Feldspar overgrm.,ths, crystal fragments, and 
matrix all show some degree of alteration. Laterally, the petcentage of 
feldspar altered to clay within individual tuff beds decreases westwards 
across the sub-basin, away from the Cooley Dolomite. In addition, the 
percentage alteration between tuff beds decreases up the sttatigraphic 
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sequence, thaL is, away from the mineralized horizon. This decrease in 
the percentage of fel~spar altered to clay away from the Cooley Dolomite 
and the mineralized horizon is similar to the pattern developed for the 
change from K-feldspar to albite discussed in section 4-2 and illustrated 
in Figures 4-9 and 4-10. 
4-4.2 Illite Crystallinity 
Some low temperature.ore deposits in sedimentary rocks, such as 
~!iss iss i ppi Valley- t'y pe deposits, <Jre sun uunded by an alteration halo in 
which illite polymorphs change from 1M to 2M as the mineralization is 
approached (Heyl et. al., 1964; Hall and Heyl, 1968), or the crystalli-
nity of the illite increases towards the mineralization (Daniel and Hood, 
1975). Although the illite in ·the tuffs and shales around the H.Y.C. 
deposit is a 1M polymorph (section 3-2.6), and no 2M polymorph has been 
recorded near or in the mineralized horizon, there is a pronounced and 
systematic increase in the crystallinity of illite in the shales as the 
mineralized horizon is approached. 
Kubler (1968) and Foscolos and Stott: (1975) use the crystalli-
nity index (C.I.), defined as the width of the d001 illi~e peak at half 
its p~ak height as a measure of the degree uf crystallinity of illite. 
In this thesis, so as to avoid confusion, the measure of the degree of 
crystallinity of illite used, is the reciprocal of th8 crystallinity 
index shown as CI*. This simplification means that the CI* increases 
as the crystallinity of illite increases. The latger the CI* the better 
the crystallinity of the illite. The CI* of the illite from the four 
Shale l!odzons and from the 7 orebocly tuff, Upper Stylolite Harker and 
albitic tuff (Figure 4-1) are listed in Table 4-2. 
Reclprocal of the CrysLallinity Index (Cl*) of illite from the 
ll."{.C. sub-basin. The Crystallinity Index (CI) is defined as 
the width of the d001 illite peak at half its peak height. 
(Kubler, 1968). 
Bed (Figure 4-lt mean CT.>'' Std. Dev. No. of Samples 
Albitic Tuff 0.065 0.0109 5 
Upper Stylolite ~~rker 12 
7 orebody Tuff 0.051 13 
~nale Horizon 1 0.109 0.0295 11 
Shale Horizon 2 0.0867 0.01.87 12 
Shale Horizon 3 0.069 0.0086 9 
Shale Horizon 4 0.0084 10 
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The CI* of illite from the shale horizons are plotted against 
their stratigraphic position on Figure 4-17. In each diamond drill hole 
the CI1< increases towards the mineralized horizun indicating an increase 
in the illite crystallinity as the mineralized horizon is appcoachad from 
above. No change in the CI-1< 1ms recorded laterally 1vithin individual 
horizons. 
The CI* of the illite from the tuff beds (Table 4-2) behaves 
independently to the CI* of the ill-Lte from the shales. It de:reases 
slightly towards the mineralized horizo~, in contrast to the strong 
increaPe for the shales. This small variation in· the CI* is interpreted 
to indicate that the illite in the tuff beds formed by a different process 
to the illite in the shales, and this interpretation is discussed further 
in sectirn 6-5. 
4-5 PCCiot>AL CFOCHEHlCAL TRENDS 
-------------------
One of the objects of this thesis is to outline mineral and 
geochemical di[ferences between mineralized and non-mineralized areas in 
·the HcArthur River region. Previous ge<Jchemic-.1 studieo. (Lambert and 
Scott, 1973; Brown et al 1978) rc~ognized an increase in chalcophile 
elements, sulfur and carbo.tate iron tmvards the mineralized areas. 
The geochemical data collected in this thesis (appendix A) also 
outlines an increase in chalcophile elements and sulfur towards the 
mineralized areas. In addition, as disucssed abcve, it details an 
increase in sodium (as albite) Edjacent to the highly mineralized areas 
and oc_curring in the 11eakly mineralized areas. No c:.ther regional geo-
chemical trends have been recognize<' in the data from appendix A. 
A scudy of the whole rock geochemical data published by 
Corbett et. al. (1975) reveals a positive correlation between rubidium 
and potassium (Figure 4-18). Rubidium co~nonly substitutes for 
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potassium :i.n the K-feldspar latt:i.ce and K-mica lattice (Dee1: et. al. 
1963). The good correlot:i.on between rub:i.dium and potassium :i.n Figure 
4-1 suggests that this is the case in the McArthur River region. 
Samples from diamond drill holes 018/46(pr~viously TellS) and 
Barney 2 (adjacent to mineralization) define lines oE best fit which pass 
through a point with values of approx:i.mately J25ppm Rb and B%K20. In 
contrast, samples Erom HcArthur River 2 (prev:lously B. N. R. 2) def:lne a 
line of best f:lt wh:lch passes through a point with values of approx:lmately 
175ppm Rb and 8%K20. Two alternative explanations for the Rb/K20 
systematics are Ieas:lble. 
(a) The K-feldspar and/or K-m:lca near mineralization contains 
approximately twice as much rubidium as [(-feldspar and/or 
K-mica away from mineral:lzation. 
(b) Rubidium is concentrated :i.n K-mica and not K-fclclspar, and 
the :lncrease :Ln the Rb/K20 rr.tio reflects an increase in the 
K-mlca/K-feldspar rat:Lo near mineral:lzat:Lon. 
Unt:Ll data becomes ~vailnble as to which mineral phase hosts the 
rubidium, the Rb/K20 systematics 1v:lll not be fully understood. 
l1-6 DISCUSSION AND SLJHHARY 
From the data presented above it can be concluded that the 
non-sulfide minerals in the II. Y. C. sub-basin are zoned laterally away 
from the Cooley Dolomite and vertically away from the mineralized 
horizon. The feldspor zoning and illite crystallinity outline \vell 
defined trends, whereas th. carbonate zoning and f8ldspar alteration 
outline more subtle and less well defined trends. With increasing 
distance away from the Cooley Dolomite and above the mineralized horizon 
there is: 
~·£------------------- 95 0 
(1) n chanbe from K-fe.ldspar to albite 
(2) n ~~crease in illite crystallinity (vertically, but not 
laLerally) 
(3) a change from dol0mite to dolomite + calcite, and 
(4) a decrease in the intensity of feldspar altered to clay. 
In the Emu Plains ~ub-basin the feldspar trend is reversed 
(Figure 4-11), '.o~ith the albite ?.one correspondjng to the mineralized 
horizon. 1\lth increasing dista.1ce belov: t:he mineralized horizon there 
is a change to a K-feldspar + albite zone and then to a K-feldspar zone. 
The mechanics of this reversal are discussed in section 6-2, and it is 
s•.1Efir.i.ent to say here that this reve·r:sa.L is only an apparent one, because 
vie are looking at only pm:t of Lhe portent. The albite zone represents 
the western edge of the pattern developed in the H.Y.C sub-basin 
(Figures 4-9 end 4-10). With increasing distance from the Cooley 
DolomiLe (in this case J, Skm) there is stL 1 a change from K-feldspar to 
albite. If more data 1-1ere available from the Emu Plains sub-basin, it 
vwuld be expected to delineate a K-feldspar + albite and a K-feldspar 
zcne closer to the Cooley Dolomite (or Emu Fault Zone). fhe gradation 
to K-Ieldspar below the mineralized horizon is interpret~d to represent 
a change to tile regional K-feldspm: trend, which is outlined in section 
6-2. 
The occurrence of <Jlbite in Lhe ILY.C. and En1u Plains sub-
basins, and the relatively hi[jh sodium content reported by Corbett et. 
al, (1973) from many of the sbales in the W-l'old sub-basin, combined with 
the abse.tce of nlh"ite from samples in nreas <'11UY [rom kno1-m IT!ineraliza-
tion, is gooJ evidencP. tu,al albite is related to base metal mineraliza-
tion, a feature that is c\iscusseJ in section 6-2. 
I i • • ' • ~ •• t-, "' 
_......, ........ ------------
The processes responsible for the formation of the mineral 
zoning detailed above are also discussed in Chapter 6. 
96. 
_...... ----------------
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CJIAPTER 5 
CHALCOPHlLE SLEHENT ZONING IN THE H. Y. C. SUB-EASUI 
5-l INTRODUCTION 
The object oE th~s Chapter is to describe the chalcop~ile 
element zoning in the l\.Y.C. sub-basin. The data presented fall into 
tVIO groups. The first is the chalcophile element trends from the four 
shaJe horizons discussed in Chapter If, the stratigraphic location of 
which arc illustrated in Figure 4-1. The data are given in appendix 
A, and were derived as part of this thesis. 
The secoud set of data detail the Cu,. Pb, Zn and Fe vm:iations 
in each of tbc orebodies, defined by strati.graphic correlation and 
litholo~;y 
(Figure 1-6). The data \Y''Ie obtained [rom unpublished 
routjne analyses of Jrebody intersections, averaged over the thickness 
of each orebody, carried out by Carpentaria Exploration Company as part 
of their exploration programme. 
5-2 PREVIOUS STUDiES 
----· 
Williams (1976) in a study of the discordant mineralization 
between the H.Y.C. deposit and the Emu Fault (Figure 1-3) elucidated 
a mine~alogical and geochemical zoning trend, from copper sulfides near 
the En.u Faull: to lead and zinc sulfides with increasing distance from 
the [aul t. lie concluded that the zonation was formed from an epigenetic 
hydrothermGl solution \·lhich moved away from the Emu Fault, depositing 
copper near the Fault and lead and zinc farther away from the Fault. 
Lambert ;mel Scott (1973) and Smith (1973) investigated the 
geochemistry o[ the H.Y.C. Pyritic Shale Member in the H.Y.C. sub-basin 
and stratit:\raphically equivalent rock units up to 20km from the deposit. 
In the H.Y.C. sub-basin they delineated Zn, Pb, Fe, Hn, As, Hg and Tl 
~·· ........ ------------98. 
dispersion hnlos above, and to a lesser extent below the ore horizon. 
They did not recognize lateral variations in the sub-basin. Hurray (1975), 
however states that "ApaFt from the peripheraL areas there io LitHe 
la'-''r>al vorirrt1:on in Lead: :3inc: iPon ratios within any individuaL 
Ol'<~l;odtJ 11 , implying that no lateral variations occur. 
5-3 Cll!ILCO!'HlL!<.: ELEH8NT ZONING 
5-J .1 Sha.Je Horizon 1 
The following chalcophil8 element patterns occur in Shale 
Horizon 1 (Figur0 4-l), situated at the base of 5 orebody. 
5-3.1 .a Cu/(Pb+Zn) 
This ratio reflects the variation in chalcopyrite wjth respect 
to sphalerite nnd galena. It outlines two distinct and decreasing trends 
away from the Cooley Dolomjt0 (from E toW), one in the south of the 
sub-basin and one in the norLh of the sub-basin (Figure 5-l). 
5-J.l.b Pb/Zn 
The Pb/Zn catic (Figure. 5.1) reElects the variation in ~;alena 
with respect to sphalerite in the deposit. It outlines tvlr. distinct and 
decreasing trends away from the Cooley Dolomite (from E toW). The 
first, in the south uf the sub-basJn, corresponds with the Cu/(Pb+Zn) 
trend (5-J.l.a). The second, in the north of the sub-basin, occurs 
marginally south of the corresponding Cu/(Pb+Zn) trend. 
5-J.l.c Cu//~:1. 
In Lhe H.Y.C. deposit the copper occurs mostly in chalcopyrite 
inclusions in sphalerite, and the ratio Cu/Zn therefore reflects ·~e 
amount of chalcopyrite in sphalerite. It again dciineates two decreasing 
trends away from the Cooley Dolomite (Figure 5-l). These are similar to, 
but somewhat better defined than, the Cu/(Pb+Zn) trends (5-J.l.a). 
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~-d Ag/Pb 
Host of tlie :...ilver in the l-1. Y. C. deposit occu·rs in solid 
solution in galena (Croxford and Jephcott, 1972; Smith, 1973). The 
Ag/Pb ratio of Horizon 1 delineates a uecrease in Ag away from the Cooley 
Dolomite and also towards the southwest of the sub-basin (Figure 5-l). 
5-).l.e Fe/(Pb+Zn) 
This 1atio is essentially an indication of the amount of 
pyrite relative to the economic base metal sulfides in the deposit, 
since pyrite is by far thP mnjor Fe-bearing mineral in the deposit. The 
rat-io incrcilscs along the northern and southern mar~Sins of the sub-basin 
(Figure 5-l). 
5-3.l.f ~s/f!!_ 
The As/Fe ratio (Figure 5-l) decreases away from the Cooley 
Dolomite. The treud is not coincident with the major base metel trends, 
suggesting that ~rsenic varies independently of base metals. r:.~re is a 
poor correlation between the Fe/(Pb+Zn) ratio and the As/Fe ratio, 
suggesting that the variation of As is dependent on the variation of ·Fe 
(pyrite) in Lhe deposit. 
5-3. 1. g_Co I _§_Q_y 
Spy is the amount of sulfur in pyrite (expressed in moles). 
It is calculated, assuming that all sulfur occurs in sphalerite, galena 
and pyrite, by subtracting the ~mount of sulfur contained in stoichio-
metric sphalerite and galena from the total sulfur in the sample. 
The Co/Spy ratio (Figure 5-2) decreases away from the Cooley 
Dolomite, similar to the As/Fe ratio (5-J.l.[), sugg8sting that cobalt 
substitutes for Fe in pyrite. 
5-3. 1. h S::}Lf.n 
Croxford and Jephcott (1972) found t\1<1t the sphalerite fl:om 
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the '~estern edge of the H.Y.C. deposit contains approx.Lmately O.l5,~t.% 
Cd, and that Cd con:elated positively \v:i.th Zn. The new data shows that 
the Cd/Zn ratio over the entire area of the deposit, in at least Shale 
Horizon 1, decreases away from the Cooley Dolomite in a southeasterly 
direction, from the north-eastern corner of the sub-basin (Figure 5-3). 
5-3 . 1 . i Tl I J?EL 
Croxford and Jephcott (1972) and Smith (1973) founrl that Tl 
correlated positively with total F~ (up to lOOppm Tl) in the U.Y.C. 
depos1t. Above lOOppm Tl, the Tl/Fe ratio decreases with increasing Tl. 
Smith (1973) records a decre2se in the Tl/Fe ratio from east to west 
(i.e. away [rom the Cooley Dolomite) across the H.Y.C. deposit (based 
on 3 ell amond c.lr i 11 holes) . lie a .Lso found a progressive lo1vering of the 
ratio regionally away from the deposit. Both studies, using interpreta-
tions based on work of Voskresenkaya (1969) and the Tl/Fe systematics of 
the dcposlt, concluded that the Tl occurs in pyrite. 
In this study all samples analysed for Tl contain greater than 
200ppm '[l and correlate poorly with Fe. The Tl content of samples from 
Shale Horizon 
have been plotted as a ratio with Spy (5-3.l.g). The 
ratio decreases away from the Co~ley Dolomite (Figure 5-4). 
5-3.2 Shale Horizon 2 
The following cha1cophile element patterns occur in Shale 
Horizon 2 (Figure 4-1), situated approximately 50 meters above the top 
of the mihcraliz~ horizon. 
5-3.2.a Cu~-1~ 
The distribution of Cu/(Pb+Zn) ratio in Shale Horizon 2 
(figure 5-5) is similar LO that in Horizon 1 (Figure 5-1). Tlo/O areas 
of decreasing Cu occur, one in the ~orth of the sub-basin and one in the 
south of the sub-basin. Tile southern area of: decreasing ratio 
[Cd/Zn)x 105 
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FIGURE S-3 Variation in the Cd/Zn ratio of Shale Horizon 1 (Figure L1-l) 
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displaced slightly to the south relative to that in Shale Horizon 1. 
5-3.2.b _Pb/Zn 
Pb/Zn ratios in Shale Horizon 2 (Figure 5-5) decrease, in the 
south of the sub-basin, \•lith iucreasing distance Erom the Cooley Dolomite. 
The area is displaced slightly to the south relative to Shale Horizon l 
(l':i.gure 5-l) . 
_?-3.2.c Cu/Zn 
'fhe Cu/Zn ratios (Figure 5-5) dec1:ease away Erorn the Cooley 
Dolomite in two distinct lobes, one in the south and the other in the 
north of the sub-basin. The lobes are similar to lobes in Shale Horizon 
1 (Figue 5-l). 
5-3.2.d Ag/Pb 
The Ag/Pb ratiJs in Shale Horizon 2 (Figure 5-5) suggest two 
trends oE decreasing Ag, with increc.sing distance Erom the Cooley Dolomite. 
This contrasts with the clstribution oE Ag/Pb ratios in Shale Horizon 1, 
which decrease across the sub-basin, paralleling the full length of the 
Cooley Dolomite. 
5-3-2.e Fe/(Pb+Zn) 
Tlte Fe/ (Pb+Zn) ratio outlines an area oE strong Fe enrichment 
in the southeastern corner oE the sub-basin. (Figue S-5). The ratio 
decreases in the north oE the sub-basin. This contrasts with Shale 
Horizon 1, where Fe increases along the northern and southern margins 
oE the sub-basin. 
5-3.2.f As/Fe 
The As/Fe ratio broadly outlines decreasing As from the north 
to the south of the sub-basin (Figure 5-S). No distinct trend is 
recognized. 
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5-3.3 Shale llnrizon 3 
The chalcophile element ratios developed in Shale Horizon 3 
(Figure 5-6), located 90 meters above the mineralized horizon, are 
essentially identical to those in Shale Horizon 2 (Figure 5-5). The 
Cu/ (Pb+Zn), Pb/Zn, and Cu/Zn ratios decrease mvay from the Cooley 
Dolomite in two distinct lobes, one in the nouth uf the sub-basin and 
the other .in the north of the sub-basin. 
The ratios Ag/Pb and As/Fe decrease away from the Cooley 
Dolomite in zones ~:"~:ending pm:allel to the Cooley Dolomite. The 
Fe/(Pb+Zn) ratio delineates a small area of Fe enrichment in the south-
east of the sub-basin, similar to Shale Horizon 2. 
5-3.4 Shale Horizon 4 
The chnlcophile element trends displayed by Shale Horizon 4 
(Figure 5-7). occurring approximately 160 meters above the mineralized 
horizon, are not as distinct as those characterising the lower 3 Shale 
horizons. The Cu/(Pb+Zn), Pb/Zn, Cu/Zn, and Ag/Pb ratios decrease with 
increasing distance from the Cooley Dolomite and from the south to the 
north of the sub-basin. The Fe/ (Pb+Zn) ratio decreases away from the 
Cooley Dolomite in n zone paralleling the Cooley Dolomite. The As/Fe 
ratio increases away from the Ccoley Dolomite, contrasting with the 
As/Fe rntLo .in Horizons 1 and 2 which decrease <may from the Cooley 
Dolomi tc. 
5-3.5 Vct~tic_<l_~ _ _Ircnds 
Fi~ures 5-8 and 5-9 are sections through the H.Y.C. sub-basin 
(marked A' A I nnd B-B' C'n Figure 5-J)' illustrating variations in the 
rnt.io Fc/(Pb+Zn). They indicate the existence of a lens of high Fe 
relative to base metals, situated immediat~ly above the mineralized 
horizon. It extends for 300 meters westwards [rom the southern part of 
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103. 
the Cooley !Joiomlte, nne\ correlates 1~ith the zones of decreasing 
Fe/(Pb+Zn) ratios in Shale Horizons 2 and J (5-J.2.e and 5-J.J). It 
also cor·.el.ntes 1~ith the zones of c\ec1:easing Cu/ (Pb+Zn) described in 1 
Shale Horizons 1 to J, sections 5-J.l.a, 5-J.2.a, and 5-J.J, 
Figures 5-10 and 5-11, show for the same sections as those just 
described, variations in the ratio Cu/(Pb+Zn). They indicate that a 
Cu-rich zone eXtends for a short distance into the sub-basin. Vertically 
the zone extends towards the western margin of the Ridge II deposit 
(Williams, 1978a), but there are insufficient data tn close this trend 
or f. 
Tile Pb/Zn ratios for the same cross-sections (Figures 5-12 and 
5-13) indicate thai· a Pb-rich tongue extends for a short distance into 
the sub-basin, in the same position as the Fe-rich and Cu-rich zones. 
1he distribution of Fe in the four Shale Horizons is illustrated 
in Figures 5-25 ro 5-27. Figure 5-25, a north-south section through the 
H.Y.C. sub-basin, outlines an Fe-rich zone in the south of the sub-basin 
above the mineralized horizon, 1~hich correlates with the lens de[ined by 
the Fe/(Pb+Zn), Cu/(Pb+Zn), and Pb/Zn ratios discussed above. In 
addition, the high Fe content of the Upper Pyritic Shales is delineated 
by Shale Horizon l1, which is located at the base of the Upper Pyritic 
Shal~ (Figure ~-1 and 2-8). Figure 5-2~ (marked A-A' on Figure 5-2~) 
and Figure 5-27 (nmrked B-B' on Figure 5-24) are east-west cross-sections 
through Llw south and north of the sub-basin respectively. Both cross-
sections outline the iron rich Upper Pyritic Shales extending across 
L)le full width cf t;lC sub-basin. ln the south of the sub-basin 
(Figure 5-26) the Fe-rich lens above the mineralized horizon extends for 
500 meters westwards from the Cooley Dolomite. 
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5-3.6 Orc•bcdy Trends 
The base metal zoning trends for each of the orebodies are 
illustrated in Figures 5-ll, to 5-21, and the zo11i.ng patterns summarized 
belmv. 
5-3 . 6. a Pb / 7:_~ 
Pb/Zn ratios (Figures 5-lli and )-15) in orebodies 1 and 2 
decrease from the north to the south of the sub-basin. The ratio in 
3,4,5 and G orcbodies are poorly developed, but in general also decrease 
[rom north to south, as well as from east to vlest a\o/ay from the Cooley 
Dolomite. Ratios in 7 and 8 orebodies, as \o/ell as in the shale interval 
above 8 orebody (Figure 5-24), that is Unit 1 in Figure 2-31, decrease 
from east to \o/Cst across the sub-basin av1ay from t!,e Cooley Do 1 'Jmite. 
The ratios in 3,4,5 and 6 arebodies are similar to Lhe ratio 
in Shale Horizon 1 (5-J.l.b). The ratios in 7 and 8 orebodies and Unit 1 
are similar to the ratios in Shale Horizons 2 and 3 (5-3.2.b), 5-3.3). 
5-J.6.b Cu/(Pb+Zn) 
The Cu/ (Pb+Zn) (Figures 5-1.6 and 5-17) rati0 for each of the 
orebodies delineate very poor trends. In general the ratio tends to 
decrease from tl•e north to the south of: the sub-basin in the l•.mer ore-
bodies, &nd to decrease from east to \o/est in the upper orebodies. This 
is in ac':onl \o/ith the changes in the Pb/Zn ratios in the orebodies. 
The ratios in 3,4,5 and 6 orebodies nrc similar, but not as 
\o/e1l ddlned, :1r; in Shn.le Horizon 1 (5-].:J..a). 
5-3.6.c Cu/Zn 
The Cu/Zn ratios (Figures 5-18 and 5-19) for the lower orebodies 
de(:rcase from the north to the south of the sub-basin, and for the upper 
urebodies (rum east to west. This conforms with the Pb/Zn and Cu/(Pb-1-Zn) 
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105. 
ratios in the orebodies. The ratio in the upper orebodies matches the 
ratio in Shale Horizon 1. (5-3 .1. c) 
5-3.6.d Fe/(Pb+Zn) 
Hith the exception of 1 and 2 orebodies the Fe/ (rb+Zn) ratio 
(Figures 5-20 <L: 1 5-21) increases tO\mrds the no1:t\mest corner and 
souchern margin of the sub-basin. A similar trend occurs in Shale 
llorizon 1 (5-3 .1. e). There is an increase in the ratio from north to 
south in 1 orebody, and west to east in 2 orebody. 
S-3.7 The lnterore Bed Tr~nds 
1: ~ Pb/Zn and Cu/Zn ratios in the interore beds decrease in a 
similar manner to the ratios in the orebodies above and belcH their 
respective interore bed (Figures 5-22 and 5-23). 
5-4 DlSCUSSTON 
5-4.1 Introduction 
The zonation of base metal sulfides in sulfide deposits that 
are &tructurally cross-cutting and clearly of later origin than their 
host rocks ! ·. cc ~on feature. Examples include vein deposits 
(Goddel.l a1.' · crsen, 1974), porphyry copper deposits (Lovlell and 
Guilbert, 1970), and Mississippi Valley-Type deposits (Williams, 1978a). 
The cause o[ zoning in such deposits has been demonstrated to reflect 
changing physiochem.cal conditions of hydrothermal solutions as they 
traverse through the host rock, and are exposed to changing environments 
(l!elges<'ll, 1970; Barnes, 1975). 1t has also been demonstrated 
(Helgeson, 1970; Barnes, 1975) that base metal sulfide minerals Hill 
form from llyclrotllermal solutions in the order (from early to late): 
Cu-bcaring sulfide minerals---------~ Ph-bearing 
sulficl~ minerals Zn-bearing sulfide minerals 
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immc~iately above the H.Y.C. deposit (weight percent 
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FIGURE 5-25 North-south se<.:Liu.1 tln:uugh the 1\.Y.C. sub-basin, looking 
wesl, illustrating the variation in the whole rock Fe. 
(~larked /\'A' on Figure 5-L). 
1-
(f) 
<t 
w 
1-
(f) 
w 
3: 
ro 
(\) 
...... 
<0 
a: 
10 
lD 
...... 
lD 
Q 
0 
()) 
...... 
~ 
IJ.. 
<1> 
0 
.c 
= 
0 
c 
0 
-~ 
~ 
0 
.c 
.!!! 
0 
"" (f)
o;t I 
+, 
l 
rt· 
lD 
+ 
r--+ 
I 
==+ 
' 
' 
ro+ 
C\J 
(\) 
+ 
" 
" 
' 
(\) 
' 
(\) 
\ + 
0 
t<l 
(\) 
+ 
c 
0 
N 
·c 
'" 0 £.c 
"0 E 
"o <1> 0 N 0 
a.:.= 10 
0 !: f-
Q) 
c 
.E 
E 
0 
10 
FlC.:UHI·: 5-26 Enst-Hest cruss section through the 1;. Y. C. sub-basin 
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il:ustrating the variation in the whole rock Fe. 
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According to this scheme, zoning in base metal sulfide deposits reflects 
the sequential deposition of sulfide minerals from solutions flowing from 
the Cu-rich zones to the Pb-rich zones to the Zn-rich zones of a sulfide 
deposit. 
~~dimentary stratiform sulfide deposit& are also zoned with 
respect to their chalcophile metal content, in that there is a systematic 
variation in metal distribution from one part of the deposit to another. 
This zonation is similar to the zonation in hydrothermal deposits from 
Cu-rich, to Pb-rich, to Zn-rich sulfides (llm:nes, 1975). Regardless of 
the orientation of the zoning, the distribution of the zones in sedimen-
tary stratiform deposits can almost always be related to a particular 
stratigraphic nr structural feature of the host sediments. In the Roan 
Extension Cu deposit (Gar] ick, 196LI), and the Hufulira Cu deposit 
(van Eden, 1974) of Zamoia, the distribution of the sulfide minerals is 
related to sedimentary facies. In the \~bite Fine deposit, Brown (1971) 
demonstrated that the distribution of Cu-, Fe-, Cd-, and l'b- sulfide 
minerals is related tn the Copper Harbour Conglomerate, a unit lying 
directly ben co th the Cu-rich Nonesuch Shale. In other deposits, such 
as ML Tsa (Stanton, 1972; Mathias and Clark, 1975), zoning is related 
to structural features su~h as faults. In sedimentary sulfide deposits, 
for 1·:hich an epigenetic or pyrite replacement model of base metal sulfide 
formation has been suggested, zonation has been demonstrated to reflect 
a laterally and/or vertically advancing mineralization front (Brown, 
1971; Harnes, 1975). In sedimentary sulfide deposits, for I·Jhich a 
syngenetic mudcl <Jf base mcta.l sul.flde fonnaLion lws been suggested, 
it has been argued that zonation reflects the passage of oxidising waters 
(Garl-Lck, 1961; Barnes, 1975), proximity to shorelines und the abundance 
of reduced sulfur (Garlick, 1961), or more cummon1y, it is not discussed 
107. 
or fully unrlPrstood (Stanton, 1972; van Eden, 1974; Nathias and Clark, 
1975). The limited data on the formation of mineral zones in sedimentary 
sulfide deposits, like that for hyd~othermal deposits, is consistent 
with the hypothesis that the mineralizing solutions which formed the 
deposits flowed from the Cu-rich zones, to the Pb-rich zones to the Zn 
rich zones of the deposits (Brown, 1971; Stanton, 1972; Barnes 1975). 
When discussing mineral zoning in sulfide deposits two 
features are important, space and time. Space is concerned with the 
arrangement o[ the z0nes and their association with features such as 
stratigraphic units or lineaments. Time is concerned 1vith the formation 
of the zones, did they form from a single event or a series of events, 
and when did they form. 
~Spaci1_l__!leatures of the Zonation in the l-I.Y.C. Deposit 
Summarizing the data presented in this Chapter, the zonal 
distribution of the chalcophile elements in the lower orebodies of the 
H.Y.C. deposit, from the north to the south of the sub-basin is, 
Cu (chalcopyr i te)---7 Pb (galena)--; Zn (Sphalerite) , ~>~ith considerable 
overlap occuring between the zones. Comparing this pattern with zoning 
in other sedimentary deposits and hydrothermal deposits, its generation 
is consistent with mineralization having formed from a solution which 
entered the sub-basin in the north and flowed to the south. 
in ~ontrast, the zonal distribution in ~he upper orebodies and 
in Lhe shales above the mineralized horizon, is consistent with 
mineralization having formea from a solution that flowed from the east 
of the sub-basin to the \vest of the sub-basin. The zonal distribution 
of tlw ~entral orebodies is consistent with solutions 1o~hich travelled 
from both the north of the sub-basin to the south of the sub-basin, 
and [rom the cast of Lhe s~J-basin to the west of the sub-basin. This 
zonal d{strihution is outlined best in Shale Horizon 1 (Figure 5-l), 
where the two distinct trends can be recog n:Lzecl. 
5-Lt. J Temporal Features of the Zonation in the H. Y. C. De~:osit 
108. 
The chalcoph'ile element zoning suggests the direction of movement 
of the mineralizing solutions, but it does not give any clues to the time 
at 1o1hich these solutions entered the sub-basin. The physiochemical 
changes responsible for the precipitation of chalcophile elements from a 
solution could be expected to apply wl1ether the solution permeated uncon-
sol:Ldatc'd mttds, consoli.dated sediments, or 1o1ns debouched lnto L:he sub-basin 
above the sediment-water interface (Barnes, 1975). 
Before the spacial Jistribution of Lhe chalcophile element zonation 
in the H.Y.C. dPposit can be tully undersLood, it is necessary to know when 
the base met,l1 nnnerali.zir-g ever.t c•.:curreu, and Hhether or not it Has a 
single event or a series of events. Several features of the geology of the 
deposit restrain the time period during 1-1hich the mineralization could have 
formed. These are discussed in detail in Chapter 7, and only a fel-l of the 
more significant features are mentioned beloH. 
5-4.3.a Pyrite (r'y.) Concretions 
The Py
2 
concretions in the tuff beds described in section 3-2. R 
are evidence of Hhen, relative to pyrite formation, base metal sulfides 
Here introduced into the tuff beds. The euhedral crystals of Py 1 inside 
the concretions suggest that the concretions formed after the formaU.on of 
Py
1
. It :i.s generally ngreed that Py1 formod din!;eneticalJ.y, and \vil.liams 
(1978c) hes shown that :i.t possibly formed as much as 100 meters below tLe 
sediment-water Lnt<2rface. [n nddit:i.on the concretions outline shard 
textures which show no evidence of compaction, ln conlrasL· to the sediments 
outside the concretion in 1vhich all evidence of shards hos been destroyed. 
These relationshlps indicate that the Py 2 concretions formed after Py1 , 
1.09. 
but before the delicate shard textures were destroyed by compaction or 
recrystallization, that is, Py2 formed close to the sediment-water. :inter-
face. 
The shards in the concretions are pseudomorphed by sphalerite 
and galena, wltich is good evidence that these minerals formed after the 
formation of the ~rite generations from zinc.: and lead added to the 
host sediments below the sediment water interface. 
5-4.3.b Dolomite Concretions and Nodular Dolomite 
The dolomite concretions (2-J.l.b) and nodular dolomite (2-J.l.d) 
RLe partly or completely replaced by sphalerite and/or galena in the 
W-Fold-Wickens Hill deposit, indicating that at least some of the base 
metal sulfides were formed after the diagenetic formation of dolomite 
concretions and nodular dolomite. 
5-1,, 3. c Brecci0lasts 
The only constraint on the maximum time in 1-1hich b8se metal 
sulfides could have formed is the occurrencn of mineralized cl8sts in 
the 6/7 intcrore bed breccia reported by Croxford (1968), and discussed 
by \Hlliams (1979a). \olilliams (19798) considers that Llle clasts Here 
mineralized prior to being incorpo~ated into the breccia. The 6/7 
interarc bed breccl8 occurs approximately 40m above the ba .c of the 
miner a J i zed horizon, \vhlc.:h on IV ill :Lams 1 est i mat i0n would helVe been 
equal to appro:dm8tely lOOm of sed:Lment pr:Lor to cornpar·t:Lon. This implies 
that base metal mineralization must have occurred at depths no greater 
than about 100 m hc·lcJI·; the sc,rJ imc,nt-\oJ<Jtl'r interface, if the clasts 
\vere m:inern.LL·.Pcl prior to rc~depos:ltion .in the sedimentary breccia beds. 
~-4 .l1 Th_e Fnrmnl:ion of Chalcophi le Element Zon:lng_ 
5-4.4.a Cu-Pb-Zn 
llO. 
The differences in s~acial distribution of the chalcophile 
element ~ones between the lower orebodies and the upper orebodies 
indic:ates thc.L mineralization did not form from soludons emanating from 
R single simple plumbing system. Instead, the lower orPbodies formed 
from solutjons \•lhid1 entered the sub-basin in the north, and the upper 
orehod.i e1c; and the base metals in the Shale llorizons above the mineralized 
horizon, formed from solutiond which entered the sub-basin alon~ its 
eastern margin. ln addition, the central orebodies formed from solutions 
whi~h apreHr to have entered ~he sub-basin from the north and east. 
rhis lmpllus, nlbuit Indirectly, thnt mineralization did not form during 
a single minerallzinp event of short cluratiou, but instead over a long 
?erio~ o[ time and/or se~eral mineralizing events. B2cause the limited 
data presented above suggests that mineralization formed after the 
diagenLtic grow~h of Py
1
, dolomite concretions, nodular dolomit~~ and 
J'y
0 
at depths no greater than 100 meters belo\ol Lhe sediment--HaLer inL•-~r-­
::ac:e, the ;~"n.:tl tlistribution of the chalcophile elements must also have 
ocLurred within lOG meters of the sediment-water interface. The zoning 
diJ not t-.lwri·fore result frc,rr. a single event· of short duration, HhJ.ch 
uccurred alter deposition of the entire H.Y.C. Pyritic Shale sequence 
in tl.e li.Y.C. sub-~-J~:-in. Instrad, the ba:,e metal sL·lfldes and their zonal 
cl~Lstr ibution, are consi'stent 1o1.i th h:-1v Lng been gerer.· >Y s0lutlonE which 
floHed cuntinually (or intermittently) into the sub-basin throughout the 
c'Pposition nf •_h•.> entire [[.'i.C. l'yritlc Shale t·kn.I:Hcr. The format:Lnn of 
Llle bnr;e mctnl sHlfides in the \1. Y.c.· deposit b; mor• than one pulse of 
mineral izcd soltrtion :i" .::o'lsistent with tnc lack oi verLical zoning 
betHeen the 0 r 2 boc' ies <Hurray, 1975), <ind \·lith the presence higller in 
111. 
the sequenrP of Pb-Zn mineralization in the Ridge II deposit. 
5-lJ, l1. b Relat_:!,onship bet1~een Fe and Cu-Pb-Zn Zoning 
The Fe/(Pb+Zn) ratios indicate that Fe in~reaseb along the 
northern anci southern margin of the H.Y.C. deposit. The significance oE 
this trend is complicated by the preqence of two major generations of 
pyrite. Diagenetic pyrite (Py1) which occurs in the ore horizon also 
occurs regionally in areas not associated with economic base metal 
sulfides (Croxford and Jephcott, 1972; Lambert, 1976). The second 
formed pyrite (Py
2
) is concentrated in the orebody, but minor Py 2 also 
occurs regionally. Based on paragenetic sequences, Py1 is olJer than 
Py
2
, and Py
2 
is older thun the economic base metal sulfides (Williams, 
l978a). \HUlnms (]978a) concluded thaL the l:orm;:,tion of: Py 2 1-1as part 
of the main mineralizing event that generated the 1-!.Y.C. deposit. In 
contrast, Py
1 
is the product of normal diagenetic processes, in which 
sulfur is reduced by bacterial sulfate reduring reactions, and is not 
related to the formation of economic base metal sulfides in the H.Y.C. 
deposit. 
The i:-.crease in the Fe/ (Pb+Zn) ratio away from the deposit 
(i.e. a1vuy from the source of the minernlizing solutions) is consistent 
with an iron halo around the margins of the deposit. The magnitude of 
the halo is difficult to ascerta~n, ns the ratio of the Fe contnined in 
Pv. and the Fe contained in Py 2 is not known. The poss.ibii.ity therefore 1 
exists t.hnt the .increase in the Fc/(Pb+Zn) ratio reflects falling Pb, Zn 
and ?y
2 
values nround the cdg~s of the deposLL, but constant Py1 values. 
As outlined in sections ~-3.l.F and 5-3.3, the As/F~ ratio in 
Shale Horizons 1 <llld 3 decreases a~Vay from the Cooley Dolomite. The 
indication is thnt the occurrence of As ~Vas controlled hy a solution 
which travel led m·wy from the Cooley Dolomite, becoming progressively 
depleted in As with increasing distancf:!. The antipathetic zonal 
distribution of As/Fe with the base metal sulfide zonal distribution, 
suggests thot As is relat8d to Fe, but not necessarily base metals. 
Arsenic could occur in Py , 1 
Py
2
, or arsenopyrite, and until the 
112. 
chemistry and abundance of these sulfide phases is deu.,rmined the zonal 
distribution of As connot be fully understood. 
The TJ/Spy ratic (section 5-J.l.c) for samples from Shale 
Horizon 1 clC"llnente r1 \veil defined zonal distribution of: decreasing Tl 
away from the Cooley Dolomite. Previous studies o[ TL from the mineralized 
horizon concluded that Tl occurred in pyrite (Croxford and Jephcott, 
1972; Sndlh, 1973) but did noc diffcrentiote between Py1 ond Py2 . 
Attempts by \.JL1liams (per. comm.) usin:· the microprobe to determine the 
distribution o( Tl between the two pyrite types was unsuccess~ul, clue t• 
the low TJ 1 evcls in the pyrite, estimatetl at less thftn lOOOppm. The 
similarities between the Tl/Spy distribution and the zonal distribution 
of the base metals, and the Tl dispersion halo above the minerali%ed 
horizon, suggest that the occu::rence oi Tl i.s related to bBse ~netal 
nlinerali.z<IL ion. It is tl1erefore coucluded tl\al the Tl/Spy zcnal d:Lstri-
bution reflects the movement of mineralizing solutions away from the 
Cooley Dolomite, and that these solutions w~re the same solutions as 
those Hldch generated the ba1ow metal zonaL disLribution. 
The decrc_,ase in the Cd/Zn and Ag/l'b ratios a1vay from the 
Cooley Dolomite (se~tions 5-J.l.d and 5-J.l.h) are believed to represent 
zonal disLribuLiu11, rc•L1ted lo enst-west moving miner~1lizing solutions. 
The decreasing ratios rc. lert decreasing abundances of Cd and A~ in the 
solutions \•lith ·increasing distatlce fro;,J the Cooley Dolomite. 
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The Co/Spy ratio (sectior 5-3.l.g) delineates a zonal 
distribution of decreasing Co away from the Cooley Dolomite. The 
tlistribul ion is similar to the As/Fe ratio (5-3.1. f), suggesting that 
Co is related to pyrite. 
5-4.4.d Formation of The Fe-rich Lens 
Figur~s 5-25 and 5-26 delineate an Fe-ri~h lens, composed of 
pyrite, i11 the south of the sub-basin above the mineralized horizon. 
The pyrite occttrs as spherical grains up to 20 microns across which 
resist attack by HN03 (Lambert, 1976). Occasionally the spheres are 
surrounded by thin reaccive overgrowths. The pyrite is identical to 
pyr:Ltc which occurs in the unmineraLLzed hanging-waL'. sediments of the 
Ridge II deposit (\.Jill Lams, per. comm.). At the Ridge II deposit, 
scanning electron microscope micrographs show that overgrowth pyrite is 
actually more abundant in the unmineralized rocks than is apparent from 
optical studies (Williams, 1978a), suggesting that a large part of the 
pyrite in the fe-rlch lens may also be composed of overgrowth pyrite. 
The relationship between over~rowch pyrite and the pyrite 
sphere.; in the Fe- rich lens Hith the pyrite in the H. Y. C. deposit is 
not kno\oln. It is possible that the pyrite in the lens is. the same as 
the pyrite (Py
1
) \·lhich greH diagenetically in the mineralized horizon 
and in the sediments remote from mineralization. Alternatively, it is 
possible th<~t LllL' pyrite in the lens is genetically related to the over-
growth pyrilc (Py
2 
anrl Py
3
) Hlllch occurs in the H.Y.r~. and 1\idge II 
deposits. HhaLever the origin of the pyrite in the lens, its presence 
both insitle and outside diagenet~c dolomite concretions is testimony 
that it formed over a Long period of time (Hilliams, 1978c). 
Although the relationship between the pyrite in the lens and 
the pyrite in the mineralized horizon is not known, several features of 
the lens suggest that it may be genetically related to the H.Y.C. 
mineralization. It has been shown by Croxford and Jlphcott (1972) and 
Smith (1973) that the thallium in the orebody and in the shales above 
the orebody occurs in pyrite. The data in this thesis indicates that 
thallium not only occurs in pyrite but that the zonal distribution of 
lllf. 
the thallium is the same as the zonal distribution of the base metal. 
sulfides. Tile data suggest that thallium is related to the base metal 
mineralization. Smith (1973) and Lambert (1976) have shown that thallium 
and base metals form a dispersion halo above the mineralized hcrizon 
suggesting Lllat the pyrite in the hanging-wall sedi_ments may be related 
to the hnso metal mineralization. 
Until trace element geochemistry and/or S-isotope values for 
Py
1 
and Py
2 
from the mineralized horizon are available, and contrasted 
with the pyrite in the lens, no firm conclusions can be reached regards 
the origin oE the pyrite in the Fe-rlch lens. 
5-5 SUNHARY 
Base metal zonai distribution in the H.Y.C. sub-basin is in the 
order Cu-t Pb-tZn, v1hich is the same as reported from hydrothermal sulfide 
deposits ;:md otl·.er sedimentary sulfide deposits. The distribution of the 
zones suggests that mineralizing solutions, which formed the lower ore-
bodies, moved from the north to the south oE the sub-basin. The upper 
orebodics and base metal sulfides above the mineralized horizon, formed 
from solutions wll ich travelled [rom east to \vest across the sub-basin. 
Mineral textures imply that base metal mineralization formed 
after early diagenesis, but within about 100 meters from the serlimenL 
wnter intPrf.1cc. The implication is that mineralization did not form 
during a [dngJe evPnt of short duration, after deposition of the entire 
H.Y.C. Pyritic Shale Hember. ln.';tcad, its formation a~pears to be 
llS. 
re]ated to Lltt;; continual emission of solutions, throughout the depositior_ 
of the U.Y.C. Pyritic Shale Member. 
The mineralizing sol~tions, in addition to Fe, Pb, Zn and Cu, 
conta:ned m~1or amounts of As, Tl, Cd, Ag and Co. 
1.16. 
CHAPTER 6 
THE FORHATltJt1 Of DIAGENETIC NON-SULfiDE HINERALS AND NIN?RAL ZO:HNG 
6-l INTRODUCTION 
The object of this Chapter is to discuss the formation of non-
~ulfide diagenetic minerals in the tuffs and shales of the H.Y.C. Pyritic 
Shale Member, and tte processes thought to be involved in the formation 
of the non-sulfide mineral zonation described in Chapter 4. 
for the purpose of this Chapter it is assumed that the tuff 
beds at the time of deposition consisted of a volcanic component with a 
minor sedimentary detrital component, and that the shale beds consisted 
of a sedimentary detrital component with a minor volcanic component. 
6-2 FELDSI'AR FORHATION 
6-2.1 Previous Studies 
Tuf[ beds in the l\.Y.C. Pyritic Shale Nernber contain up to 
l.L,, 5% K
2
0, which is considered by Croxford and Jephcc l:t (1972), and Br01vn 
et al. (1978) to be greater than can be accounted for by ash fall alone, 
as volcanic rocks with potassium content of this magnitude are rare 
(Sahama, 1974). The theories that have been suggested as the possible 
source for the additional ~otassium are, 
(a) metalliferous brines, exhaled from volcanic thermal 
springs (Croxford, 1968) 
(b) .:he reaction of volcanic inatcrial Hith saline pore 
Hater, (Croxford and Jcphcott, 1972; Lambert and 
St·ntt, 1973; Lambert, 1976) 
(c) Lhe dolom!Li?at:Lnn of illit.Lc limestone (Croxford 
and Jcphcotl, 1972; ~.ambcrl, 1976; J;rpl-in et al., 1978) 
(d) Lhe dissolution of evapnril:ic minerals (Lambert, ]' 6). 
The merits ot <:>ach of these suggestions is revieHed beloH. 
6-2.2 Authigenic Feldspar 
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The most comprehensive studies of authigenic feldspar 
formation in carbonate rocks have been carrie~ out by Baskin (1956) and 
more recently by Kastner (1971). Kastner considers authigenic feldspar 
can be distinguished from feldspar ot igneous and medium to high-grade 
metamorpli.Lc origin by eight major criteria, summarized in Tnble 6-l. 
Since the Hork of Kastner (1971), Desboruugh (1975) has shown 
that authigenic albite and K-feldspar are not alHays highly ordered, as 
suggested by Kastner (1971), especially when formed in a closed basin 
environment. Kastner (1971) considers that a single criterion alone 
(Table 6-l) cannot be used to establish the aut~igcnic origin of feld-
spar, but that: a combination of criteria can be used to distinguish 
unambiguDusly betv1een authigenic feldspats and feldspar from other 
geologic environments. 
Table 6-1 lists the charact~ristics of feldspar from the 
HcArthur River area and the criteria d•"tined by Kastner (1971) as 
characteristic of authigenic feldspar. The similarities between 
authigl'nic feldspar Jnd the majority of the feldspar from the HcArthur 
~iver area, are interpreted to indicate thnt the HcArthur River feld-
spars funned authigenically. ln addition to authigenic feldspar, a 
smilll p•·rcentage of the feldspar in the tk/\rthur River sediments is 
detdtal (Table (>-1). 
6-2:.._l__]_)1t-" F~_?_I_I_ll_<;l_l::_io;;, of. Authigenic K-feJdspar 
The prcscncL' o( vitrol'lastic texlurvs in the tuff beds ;Jt 
tk/\rthur Hiver has been interpreted to me:1n that the beds Here originally 
largely volcanic glass cnmbinecl Hith a minor sedimentary component 
(Croxford, J%8; Croxford and Jephcott, 1972; Lnmbel't, l976; Brmvn 
TABLE 6-1 CHARACTERISTICS OF AUTHIGENIC FELDSPAR (KASTNER, 1971) AND FELDSPAR FRON THE HcARTHUR RIVER AREA 
-----
Habit 
HcArthur River matrix inter-
albite graHn Hith 
quartz: over-
groHths 
McArthur River matrix inter-
K-feldspar grown Hith 
T~o:xtural 
Relationships 
replaces sh.:~rds: 
cut by late 
stage veins 
replaces shards: 
cut by late 
quartz: over- stage veins 
groHths 
HcArthur River rounded 
C.etrital 
feldspar 
Authigenic 
Albite 
Authigenic 
K-feldspar 
euhcdral 
euhedral 
replacement 
te}:tures: cut 
by late stage 
veins 
replacement 
textures: cut 
by late stage 
veins 
T1vinning 
Albite la\·1 
T\Vinning: 
untHinned 
unt\olinned 
Not observed 
untiVinned: 
tHinned by 
albite or X-
Carlsbad lavl 
untHinned: 
twinned by 
albite and 
pericline laHs 
or Ala A la1v 
Inc.c_sio:-~s Al-Si Chemical Cathodo Ordering Composition Luminescence 
Not observed <mole percent Do not 
KA1Si308 luminesce 
sulphides: variable <mole percent Do not 
carbonate NaAlSi 0 3 8 luminesce 
Not observed Not determined >rno le perc en•: luminesce 
carbonate variable 
inclusio .s in (Des borough 
carbonate 197 5) 
rocks 
carbonate variable 
inclusions in (Desborough 
carbonate 1975) 
rocks 
KA1Si
3 
08 lvith 
variable 
i:1Lensity 
(blue) 
<mole percent Do not 
KA1Si308 luminesce 
<mole perc"nt Do not 
NaA1Si308 luminesce 
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et al., 1978). From the mineral textures (3-2.. 2.a) a. i chemical 
compositions (4-5), it can be said that the tuff beds have undergone 
considerable diagenetic alteration since they were deposited. Hay (1960), 
documents the alteration o[ volcanic glass during diagenesis in the Green 
Riv,er Formation, Wyoming, which 1vas deposited in a sal_ine clo:;ed basin, 
and conLains layers of volcanic ash which can be traced into zeolite 
beds and then into beds composed almost entirely of feldspar. Under 
normal diagenic conditions, it is generally considr·red that the altera-
tion of volcanic glnss follows the reaction path. 
volcnn Lc g La:;s ~ zeolite~ feldspar 
with the type of zeolite or feldspar forming depending upon the chemical 
composition of the brine in contact with the volcanic glass and/or 
zeolite. 
Although there is.no evidence in the HcArthur Group se<iiments, 
such as relict zeolite or feldspar pseudomorphs after zeolite, to suggest 
that the feldspar had a zeolite precursor, the possibility cannot be 
precluded. Hay (1966) points out that the ratio of authigenic alkali 
feldspar to alkali zeolite increases with geologic age and burial depth, 
suggesting that if zeolites did form precursors to feldspar in the 
HcArthur sediments, their age (ca. 1500 m.y.) and burial depth 
(probably at least several km, see Plumb et al., 1979) 1voe~ld preclude 
their preservation, and instead promote feldspar formation. 
It .i.s difficult to determine, in the sediments at HcArthur, 
what time after deposition the vJlcanic glass altered to K-feldspar. 
A feature o[ the tuff beds vldc'l docs give an inJication as to the 
time of feldspar formation ilre the Py 2 concretions, described in 
section J-2.8. The concretions enclose the outline o[ shards which 
haue been rep] r
1
ced by feldspor (!'late 21,). Outside the concr~Ctions 
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et nl., 1978). From the mineral textures (3-2.2a) and chemical 
compositions (4-5), it can be said that the tuff bedr have undergone 
considerable diagenetic alteration since they were deposited. Hay (1966), 
documents the alteration of volcanic glass during diagenesis in the Green 
River Formation, Wyoming, which was deposited in a saline closed basin, 
and contnins layers of volcanic ash 11hich can be traced into zeolite 
beds and Lhen into beds composed almost entirely of feldspar. Under 
normal di<q~cn ~r: conditions, i.t is general) y considvred that the alte·ra-
tion 0f volcanic glass follo\o/S the reaction path. 
vulcnn lc t~ Lass -----1 zeo.l.ite-feldsnm: 
w.i th the type of zeolite or feldspar forming depending upon the chemical 
composition of the brine in contact with the volcanic glass and/or 
zeolite. 
/\.!.though there is no evidence in the McArthur Group sediments, 
such as relict zeolite or feldspar pseudomorphs after zeolite, to suggest 
that the feldspar had a zeolite precursor, the possibility cannot be 
precluded. Hay (1966) points out that the ratio of authigenic alkali 
feldspar to alknli zeolite increases with geologic ape and burial depth, 
suggesting tl1at if zeolites did form precursors to feldspar in the 
McArthur sediments, their age (ca. 1500 m.y.) and burial depth 
(probabLy at least several km, see Plumb et al., l979) \Wuld preclude 
their preservation, and instead promote feldspar formation. 
It Js difficult to determine, in the sediments at McArthur, 
what time afLer deposition the volcanic glass altered to K-feldspar. 
A feature o[ Lhc Luff beds \vilich docs give an indication as to the 
time of feldspar formation are th8 Py 2 concretions, described in 
section 3-2.8. The concretions enclose the outline o[ slwrds vlhich 
have been replaced by feldspar (Plate 24). Outside the concr?tions 
-----~--------=---------
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a J~rgP perrPnLage of the matrix consists of ~ntergrown quartz and 
K-feldspar, ln \vhich 811 shards h8vc been cle:;t·royed (Plate 25). The 
textures twgl~cst, but do not prove, th8t the destruction of the shards 
is relatvd to the formation of K-Eeldspar. Outside the concreti~ns 
volcanic glass \vas altered to quartz and K-feldspar and shards were 
destroyed. Inside the concretions the volcanic glass was also alrored 
to quart~ and K-Eeldsp8r, but the outline of the shards was preser~eu 
by the Py 2 concretions. 
These features are cnnsidered to indicate that the formation 
of K-fcldspar from volcanic glass occurred after the formation of the 
Py
2 
concretions. It Has 8rgued in Chapter 5, that the Py concretions 2 
formed after the growth o[ (normal) diagenetic pyrite (Py1), and 
possibly during the formation of tne H.Y.C. deposit. In the McArthur 
sedlments there are no constraints on the maximum time after deposition 
that the vol.canic glass altered to K-(eldspm:. By analogy with tuff 
beds in similar geological environments in other areas (Hay. 1~56) 
hmvever, the rcac tion probably occurred during diagenesiE" and prio1· to 
lithification. 
Tl1e available data sugg.~st<; that the formatioll of K-feldspar 
from volcanic glass occurred at an indeterminable depth belcH the 
sediment-water interface, after the formation Py 2 . 
One of the difficulties ossociated with authigenic feldspar 
formation is the source of the alkali ions nEeded to form a rock 
comprised essentially of feldspor (Buyce 8nd Friedman, 1975). The 
possible SlHfl'CL'S o [ potassium ions tH!cdcd for the formation of K-
feldspar on tlw seaLe seen in tltc ~lc/\rtbur River area have recently 
been summ:Hi.z<cd by thesrc authors. /\ccording 
to them t \w most 1 i. kely 
sottrces for tlw potassium ions <Jrc: 
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1) detrital sedimentary particles; 
2) wenlhering of adjacent land masses; 
3) the dolomitization of illitlc limestone; 
4) RPLI water; 
'i) r.oncentration of sea Hater <•n evaporitic flats, and 
cl issolution of K-rich minerals. 
Tl1e association of .potassium-rich beds wil:h clean clololutites 
(Brown et nl., 1978) and the paucity of clastic material in the tuff 
beds suggests Lhat detrital maLerial was not a significant source of 
potassium lens in the HcArthur River m:ea. The possibility that the 
weathering uf adjncent land masses supplied sufficient potassium also 
seems unlikely as the HcArthur Group was deposited in a saline lacustrine 
and/or s<1bkha environment over a ll)ng period of time and over a large 
area (I.Jalker ct al., 1977a; Plumb et a.L., 1979). lt seems unlikely 
that in a carbonate envirnnment there would be sufficient silicate 
detritus to supply the amount of potassium seen in the McArthur Group. 
The suggcs t ion that doJ omi tiza tion of J..Lli t lc limes tone \vas a 
possible scurce of potassium ions in aut\d genic K-feldspar IVDS first 
suggested by Swett (1968), and has been ;-~doptcd fer the Nci\rthur Group 
by Cro··:ford and Jephc tt (1972), Lambert (1976), and Brol'ln et al. (1978). 
Swett's suggested reaction is: 
ill :Ltc 1 calc:ite-+ dolomite + K-[eldspur 
'It appears unlil<ely t:hat the miljority of the IZ-feldspar in the Hcllrthur 
River a1:ca Hould have formed by this mechanism. For the reaction to 
proceeu J.argL' amounts of i\ \itl' an· required, and t\wn~ i.s no evidcnc:c 
ilt Hci\rLillJr Lh:1L it \Vn:; av:Jilablc in. tlw quantities needed to produce 
the amount of K-feldspar in Lhe area, nor is there evidence of K-feldspar 
pseudomorp\dng illite. 
122. 
ThC' formation of the NcArthur Group in a saline lacustrine and/ 
or sabkha environment (Walker et al., 1977a; Jackson et al., 1978; 
1'1tmb, 1979) suggests that the most likely source for the potassium ions 
is Pither sea water or sea water which has been concentrated in saline 
brine pools nr snbkhP surfa~es. Calculations by Hemley (1959) and 
Hem1ey and Jones (1964) show that in near surface conditions K-feldspar 
+ + 9 10 
will be stable at [K /H] ratios greater than 10 -10 provided the 
solution is saturated with respect to quartz. Similar ~alculations by 
Orville (L9GJ) concluded that in the presence of a solution saturated 
with respect to ;Jmorphous silic;J rather thrm qu<1rtz, K-feldspar will be 
+ + 5 6 
stable at <1 I K /H J ratw of 10 to 10 . In sea w<1ter, assuming the 
activity of potassium equals its concentration, this ratio equals 106 
(Kastner, 1971) indicating that K-fcldspar is stable in sea water 
provided it is saturatec1 with respect to amorphous silica. The high 
siUc:n activity appears to have been satisfied in the ~:cAr thur area, on 
the Pvidcnce of abu11dant quartz overgroHths, and chert nodu.l.es in both 
tbF> ce~rboniltl' units (BroHn e" aJ., 1978) and the II. Y.C. Pyritic Shales 
(Oehler <Jnd Logan, 1977). ln <Jddition, the high sL!.ica content of the 
volcanic glass would be a ready source of silica necessary for the 
formation of feldspar. 
Hypersaline envir:mmcnts such as shulloH l.?.custrine and 
~'lbi.ln c•;v·r~;r.:wJ~I:.;, ac•~ :-crun;;;Jy cnrrc 1.>t_cd \.JJ.t:h rlull,j_genic K-Eeldspar 
;,,,m;:~cjo;. (1\u.,·ce :111d Friedm:m, 1CJ75), and the association nf evaporitic 
environmcc'1CS v:ith <::uthlgcnic K felcispar such as the Permi.an 7.e-::hstein 
Formation (F:'chlh;J.uer, 1972), a1.d the Proterozoic l·lt:. lsa Group (van 
del' Hcuvcl, 1969; ~lcCl;.;:,· <Jnd Cilr,.ile, 1978; \.Jillinms, 1979b) <Jre 
doc,tment_ed. The cvaporiti·~ nature uf the ;·lcArthur Group (\oJalker et al., 
1.977a) indicates that c.ondilions were 11ypcrsaline during its deposition, 
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nnd would thPrc-fote be sultable for the formation of authigenic K-
felds~ar, especially in the presence of highly reactive volcanic glass 
(Deffeyes, 1959). 
From the above discussion it seems likely thnt the source of 
the potassium needed to form authigenic !<-feldspar in the tuff beds at 
Hci\rthur was derived from sea •tinter and/or lacustrine water, which Has 
either s~turntcd with respect t0 amorphous silica, and/or evaporated in 
sh.~ll'Jw pools or on sabkha surfaces ~orlth a r!:!f'ull·ing inr.rease in salinity. 
Either conditions would promote the solution of volcnnic glass and the 
funnaL·ion of attlhigenic !<-feldspar. Provlded salinities Here high, 
volcanic glass could alter directly to authigenic !<-feldspar instead of 
zeolite (llny, 1.9116), pussibl.y explaining the lack of evidence for zeolite 
precursors in the tuff beds. 
6-2.4 The Formation Jf Albite 
Prlor to this ~tudy, albite had nut been positively identified 
in the Hci\rthur River area, clthough Croxford (1961:1) recorded a possible 
occurrc•ncc in tuff bl~ds from the H.Y.C. deposit. This study has shmvn 
that ;:,]bite is associated 1-1ith the H.Y.C. deposit, cmd the weakly 
mineralized horizon in the Emu Plains suh.-lJ:JsiJ:. Albite has not been 
recorded in shales or tuff beds in areas •:emoce from mineralizotion. 
The best data un the occurr':!nce of albite comes fr. ~~ the 
sequcrlf' ... , tlll' H.Y.C. sub-hasin, \vhctc tl'e fel_dsp r component E;holvS a 
zonnlton J=nm 11 K-feldspnr zone to a K-felc.lspnr plus albite zone and 
f.inal ly an albite zone v;lLh .increasing cllst;mce from the mineralized 
hoci:olln nm: the Cooll•y IJolnmLLe (Figures L,-9 and L,-JQ). This zonation 
and the .1ssocinLion with PJinernlization suggests that albite is in some 
manner relntcd to the formation of mineralization. In addition, it 
suggests a relationship exists between Lhc uccurrenc~ of K-feldspar and 
albite, to su~l1 u degree that the parameter or parameters controlling 
the formation of K-f~lJspar were mo~lfled only slightly to permit the 
\' 
formaL Ion o[ albite.' 
TlH" authigcnJ~ nature of both K-feldspDr and albite, wh:l.ch was 
discussed earlier, and the association with vitroclastic material limits 
the formatlnn of albite tof·wu possible mechanisms, these are:-
l) lhe alteration of volcanic glass to albite, with or 
without a zeolite precursor, and 
2) the albitization of pre-existing !<-feldspar 
Given suitable conditions albite can form from volcanic glass either 
with or without a zeolite precursor. Figure 6-1, taken from a paper by 
lless (196o) ·indic1.1tes that albite can form authigenically in sediments 
under high conditions of silicn activity,· high Na+/H+ ratio and high 
t\a+/K+ ratio, conditions lvillcil can be generntecl during diagenesis (Hay, 
1966). Although formation of albite from volcanic glass under these 
conditions cannot be disregarded at McArthur and despite the lack of 
microsconic evidence, several features of the tuff beds suggest that 
albitizntion of pre-existing K-felclspar is more likely to be the process 
invol vee!. Thr~se ore: 
l) the regional potossic trend of the feldspar component 
from the tuffs nnd shales .vhich occur 0\oiBY from 
mi;wra!i-~at on, suggesting that th2 norm · iugenet lc 
ulterntlon sequence of volcnnic glcss wos 
+ 
volcanic glc!c;s-~ - zeo.litc~.K-feldspar 
2) the> grndat:i.on:Jl change from K-rcldspnr to o.lbi.te with 
increasing cl.ist:Jnrc from the ndn•rolizc>cl horizon, both 
lntr~rally and vertically, suggc>sts thnt Lhe K-felr'spar-
alb.ite associntion occurred nftcr deposition of t:.c 
MONT.: monlmorillonitc 
AN. analcite 
PH phillipsilc 
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entire shale sequCJnce, rather than during normal 
near sur[ace diagenesis. 
J) the association of albite wJtl, base metal mineraliza-
tion rather than as a rcgionnl occurrence, inferring 
that tl'e lmoJ K/Ha ratio nc,·cssnry for the formaU.on 
of albite is related to ore forming processes, rather 
than to normal diagenet'c ~rocesses. 
The fnllowing discussion assumes tlwt !:-feldspar was a pre-
cursor to alb-ill· (Figure 6-2), that is, the reaction path was: 
+ 
volc.1nlc glass--7 - zeolite~ K-feldspar--1 albite 
The arguments cnn be used equally as well if albite formed 
directly from volco:mic glass, Lhat :Ls, the reaction path was: 
+ 
vo I cnnlc glass--~ - zcoli te -1' albite 
Experimental investigations involving alkali ion exchange 
between alkal L-rich fluids (or vapour) and alkali feldspar demonstrate 
that alkali ion exchange readily occurs at temperatures as low as 250°C 
and several bars pressure (Gruner, 1944; O'Neil, 1948; Orville, 1963). 
The reaction product depends on the sodium and potassium content of the 
initial p\wsCJs, and the pll and silica conl.cnt o[ the system. ln nearly 
neutral or allwllne solutions feldsparsare the stable phase, with the 
Na/K r:1lio Jeterminin(; K-fl'ldspar versus albite st·. o.J:Jlity. The pll and 
is the slnbl c ph;1sc (Figur<c 6-:J). 
i\lkali ion exchange renctions betwee;-1 feldspar and alkali-rich 
solutions cnn bL' shown to occur at temperatures and pressures below those 
L arr:icd out in LJbDratory cond:i t.ions. Tn naturi.il wnters associated l·li.th 
hot thermal springs, such as nt Wairaki. and Broadlands, New Zealand 
(\~li.Lte, 1955; Br01vne and t:l.Us, 1970), and Yellowstone Park (Fenner, 
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1936), K-feldspar is actively replacing plagioclase at temperatures as 
0 low as 200 C, indicating that nl~ali ion exchange reactions do occur in 
0 0 
natural conditions in the temper3ture range of 170 to 260 C, suggested 
as the probable temperature range of formation of the base metal sulfides 
at HcArthur River (Hi.llimns and Rye, l97i,). 
The alkali. feldspar v1l·lch is in equilibrium with an alkali-rich 
fluid iR governed by the K/(K+Na) ratio of the given fluid (O'Neill, 191,8; 
Hess, 1966; I<CJstner, 1971). FLgure 6-L,, from Kastner (1971), is a 
schematic phase c1 Lagram o£ equil.ibri.a bet\oleen alkali feldspar an:! an 
alkali rich fluid at low temperature and pressure. lt demonstrates that 
an <1brupt c!t.1nge cnn occur [rom '<-feldspar to albite with only a subtle 
change in Lite a] kali ratio of ·:he fluid phase. A fluid lvith a composition 
to the right o£ 'a' in Figure 6-1, wil.L be in equilibrium with K-felclspar, 
one to the left of 'a' will be' in equilibrium with albite, and at point 
'a' it will be in equillbriwn with both albite and !<-feldspar 
\valclbaum (in Kastner, 1971) has calculated that the K/ (K+Na) 
ratio of a [luicl phase \vh.Lch is in equilibrium with both albite and 
!<-feldspar (i.e., point 'a' in Figure 6-1,)) at l00°C is about 0.03, 
this is npproximaLely the s;:,:ne as sea \·later (Hess, 196G; Knstner, 1971). 
Geothennnl brines, such as those from the Reel Sen nncl Salton Sea (\~hite, 
1968; f\i.schoff, 1969; Huf£1er and \.Jh:Lte, 19f9), some oilfield brines 
Uississ ipp L Va I Icy De pus its (\·!h:L te, 1%8; Roeclcl,"r, 197 6) hnve K/ (K+Na) 
ratios c.Lose to or greater Lhan 0.03, that is, they are :Ln equjlibrium 
Hith 1(-fe.lclspar. A change fr<>;n 0.01, Lo about 0.02 in the alkali. ratio 
of the f l.ui.cJ phase \o/OUld C<IIISC il cJ isr:ontillliOUS change in the COillposition 
of the feldspar that is in equilibrium with the fluid ~hose. 
c. 
:~~!.-
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The change in alkali ratio could result from a change in 
pressure, temperature or chemical composition, or appropriate combinations 
oE these parameters. Experimental data indicates that ion exchange 
reactions occur when the pressure and/or temperature of an alkali-rich 
fluid :in contnct with fl!ldspnr are raised or lowered (OrvUle, 1963; 
Helgeson, 1967; White, 1968). Decreasing the temperature shifts the 
equilibria K/(K·I·Na) of a solution to lo1ver values, favouring formation 
of K-feldspar. Reactions IV:lth wnll rocks (or host sediments) causes the 
precipitation of !<-feldspar decreaHing the 1</(I<·I·Na) equilibria towards 
albite. 
Data from thermal hot spring occurrences support this experi-
mental observation and suggest that lowering the temperature below the 
range studied in the laboratory (250°-300°C) results in continued enrich-
ment of sodium relative to potassium in the fluid phase which IVould be in 
eCJuili br:Lum wl th t1vo alkali feldspars (Orville, 1963). 
i\ change in the c:1emical composit.Lon of an alkali-rich fJ uid 
could also occur by mixing the original fluid with a fluid enriched in 
sodium (or potassium) that originated from the dissolution of volcanic 
glass nr another mineral phase such as evapodtes, or as a resnlt of a 
relative depletion of one of the alkali elements due to zeolite or 
f-2ldspar fnn;wtiun during a previous di.agencl:i.c event. A chrtn['E' in 
cr.rnpo:;i c; rn of a fluid ::hao:, cuu Ld a .I. so be expcc:tL:l~ ;·,s i.t passt~tl thruUj!,h 
equilibrium 
··quence l·lhicli contn inud n fr:ldspar phase which was in 
the flujd phnse but contained small amounts of sodi.um 
or pot<Jssitll11 (n·lativc tG the major alkali) in solid solution. Al.ka.Li 
ion e:;c!Jange rl!aclions would be CX!ll'l'tod to occur, and n clwnge i.n the 
alkali ratio of Lhe fluid phase would result. 
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The application of these theorctlcal considerations t:o the 
feldspar components of the tuff beds and shales occurring adjacent to 
the 11. Y. C. deposi.t permits a model to be developed Hhich explait,s the 
feldspar zonlng observed in Figures 4-9 and 4-10. As noted earlier the 
association of albite Hith base metal mineralization is good evidence 
that the tHo are linked in some Hay. The available data on fluids 
capable of transporting base metals, such as those from the Red Sea 
(Bischoff, 1969), oil field brines (CarpenLer, et al., 1974) fluid 
inclusions (Roeder, 1976), and experimental studies (Ellis, 1968), 
indicate that they are alkali-rich and are frequently in equilibrium with 
K-feldspur. lf such a fluid with a K/ (K+Na) ratio greater than 0. 03 
(assuming a temperature of 100°C or greater), was released along the 
eastern boundary of the H.Y.C. sub-basin, perhaps from the Emu Fault 
or Western Fault, then the zoning seen in Figure 4-9 reflects a simple 
change in the alkali ratio of the fluid as it moved from east to west, 
away from the Emu Fault area. The K/ (K+Na) ratio could be expected to 
decrease if the fluid cooled, lost pressure, underwent alkali ion 
exchange reactions, or mixed with another fluid with a lo1.,er alkali 
ratio. The result of such a change in ~he alkali ratio is indicated in 
Figure 6-L, by the direction of the arrow. The fluid would first be in 
equilihrLum '·lith K-felr!sp:H, then •:-rc~ldsr:ar plus albite and fin;.:lly 
,dbit.c. ''.his ser;uenu• is LdenLic.:<~L to the scquRr~r e wl11ch occurs around 
the H.Y.C. dcpcr;i.t iLl.ust:rar·ccl ir F.Lgur:c.J 4-9 and Lr-10. 
The as::oc .. <lt:ion of albite with the mineralized horizon in the 
Emu PJa ins sub-b;ls in (Figurc Lr-11) could rcpcescnt the final stages of 
albite funniltion. The :i.ntc•rsecl:ion, which is only weakly mineralized, 
occurs J.S kms l•l<•st of the Emu Faull:, and by ana1ogy with the model 
proposed [or Lhc feldspar zoning nround the H.Y.C. deposit, the Emu 
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Plains i~tersection would represent the final evolution of a westward 
moving alkal.i-rich fluid, which has evolved to the state of being in 
equilibrium with albite. It would be expected that an albite plus 
K-feldspar and a K-feldspar zone toJould occur bet~o1een the Emu Fault and 
the intersection '" n in Figure 4-11, in a similar fashion to the 
zonation around with the H.Y.C. deposit. 
6-2.5 Compnrisoc 0f K-feldspar near Mineralization with K-feldspar awal 
from Mineralization 
If the K-feldspar in the H.Y.C. deposit formed Er~m solutions 
nssoci;1tcd 1vith the formation of b::1se metal mineralization, and the 
K-feldspar away from mineralization formed from sea water or lacustrine 
water, then there may be textural, chemical or structural differences 
between tlw tloJo fl'1dspars. 
The K-feldspar textures were djsur·ssed in Chapter 3(3-2.2.a), 
and it was shown that there is a textural. difference between K-feldspar 
in the mineralized horizon compared with !<-feldspar 8Way from the 
mineralized horizon. K-feldsp8r mwy from the mineralized horizon occurs 
as crystal fragments, overgrowths, and as finely intergrown quartz and 
feldspar matrix. In contrast, in addition to the textures above, 
K-feldsp;Jr in the mineralized horizon also occurs as coarse :Lnterg1:own 
grains and as lozenge shaped crystals typical of adularia. 
/\Lcli<'ugh t"\Wtc is nro trace clement ·~euchemistr 1 of the felclspar 
av<JilabJc, the whole rock data ,,f Corbett et al. (1975) suggest that 
thc~rc is possibly a chemical difference beL\·teen the K-feldsp;:n: near 
m:Lner<JI j<,at Lon comp 1red wLth !Z-felcl;.pnr iJ'"ilY from mineralization. It 
has been shown .in Chapter l1 Ut-5) that wl~ole rack ncar mineralizalion 
contains apprc•:-:im.-:te1y twiec as much rubidium as whole rock a 1ay from 
mineralization (Figure 4-18). The dat<J suggests thnt !<-feldspar near 
~,:·,.:: 
{~$~: 
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mineralizaLlon may contain more rubidium than K-feldspar away from 
mineralization, but as suggested in section 4-5, it iH necessary to 
determine the distribution of rubidium between K-feldspar and K-mica 
before any conclusions can be made. 
Structural data for :-feldspar from the :>lc/\rthur River area 
nrc presenteJ in Figure 3-2 (3-2.2.c). Samples from the H.Y.C. deposit 
and the H.Y.C. sub-basin, tend to plot in a group near the potassium 
end of the 1'50-56 Orthoclase trend. In cnntrast, samples collected away 
from m:inr:'rali;~atlon arc scattered along the maximum mlcrocline-high 
sanidine end o[ the plot. It is considered that the data are incon-
elusive, due to the low number of samples, as to whether or not these 
structural trends are clnrac· tcristic of K-feldspar from the Hc!l.rthur 
River nrcn. Additional duta, may confirm that K-fe:Q;pnr from the H.Y.C. 
sub-~asin does have a narrow variation in cell dlmensions compared with 
K-feldspnr nwny from mineralization. 
In summary, there appear to be differences in the textures, 
trace e.l enwllt geochemistry, and crystal structures of the K-feldspar 
asaociatcd with, and remote from, mineralization. ·rhe differences are 
consistent loJiLh the idea that the K-feldspar with mine1:alization formed 
in a different manner to that remote from mineralization, but a more 
def.LniLc bt:Jtcment of this feat 1re n;ust awaLt furtlwr investigation of 
tLe d 1 r: [ en•ncccs bt~tween the t1vo f eldspa1· Lypes. 
6-3.1 Do1omi te 
-------~--
The ll.Y.C. PyritLt· Sh;Jie conla:ins tHo ~~2.!:. types of dolomite, 
detrital ond r1 L:1gcnetic. 
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6-J.l.a DetrlLnl Dolo~ite 
Detrital dolomite is the major component of sedimentary breccia 
beds and also of the shales in the II. Y. C. sub-basin. The dolomite was 
deri~ed from older McA~thur Group sediments exposed along the northern 
and eastern boundaries of the sub-basin (Chapter 2). The variable iron 
content of the dolomite implies, but does not prove, that the clgsts were 
deposited as fcrroan dolomite (Croxford and Jephcott, 1972; Croxford 
et al., 1975). The source rocks o[ the dolomite were deposited on a 
sabkha nnd/or in a saline lacustrine environment (Halker et al., 1977a; 
.Jackson et al., 1978). Dolomite formation in these environments, by 
hypersal Lne brines, is well documented and the reader is referred to 
~apers by Adams and Rhodes (1960), Butler (1969), Chowns and Elkins 
(197L,), Shinn et al. (1965), and von der Berch (1975). 
6-J.l.b Diagenetic Dolomite 
Dolomite, occurring as euhedral and anhedral grains, nodules, 
and concretions, appears to have formed diagenetically over a long 
period of time in the H.Y.C. Pyritic Shale. This textural interprets-
tion is supported by recent carbon and oxygen isot;pe data 1vhich indicate 
that at least two periods of dolomite formation occurred, one before and 
one during the formation of base metal sulfides (Rye and Williams, 1978). 
The formation of dolomite in ancient carbonate sedimentary rocks 
is poorly undersLoud, and constitutes Lhc "ci,Jlom:Lte problem", 1·1hich I do 
not attempt to resolve in this thesis. It is sufficient to say that it 
is probable that more than one process of doloffiite formation was involved 
in the !'.Y.C. Pyritic Shale. Based on Lhe data presented in Chapters 3 
and 5 the processes may have included. 
(a) the concentration by evaporation, and the ~hemical 
modification by precipitation of aragonite and calcium sulfate, of sea-
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water and/or lacustrine water resulting in the dolomitization of pre-
existing calcium carbonates and possibly sulfates. 
(b) The inflow into the sub-basin of ground water with 
Mg/Ca ratio high enough to be 1n equilibrium with dolomite. 
(c) The inflmv of hydrothermal solutions, related to base 
metal m:!neralizath.n, with Mg/Ca ratJ.o high t::nough to be in equUibrium 
':lith dolon:lte. 
(d) Anaerobic bacterial sulfate reduction anrJ concomm:ltant 
2-
oxidation of orgnn:lc matter, resulting in the production of co 3 :!.on, and 
the prec:l.piLnt:l.on of dolomlte provided n source of magnesium and calcium 
was available. The carbon isotepe data (Smith and Croxford, 1975; Rye 
and Will lams, 1978) however, indicate that the carbon in the dolomi.te 
is not isotopi~ally light, suggesting that organic carbon is only a 
minor constituent in the dolomite. 
6-3.2 Calcl.LC' 
As described in section 4-3.1, minor amounts of calcite coexist 
1o1ith dolomite around the fringes of the II. Y .C. sub-basin, and below the 
mineralized horizon in the Emu Plains sub-basin. It has not been 
recorded in the H.Y.C. Pyritic S!Jnle Hember a\vay from mineralization. 
Combining the mineralogical data (section 4-J.lj and geochemical data 
(section L1-S), it is reasonnble to conclude that the occurrence of 
calcite increases laternlly away from the Cooley Dolomite and vertically 
away from the mineralized horizon. On tnls ba.;:ls, there is a zoning in 
the cc~rbonate minerals around the H.Y.C. deposit, wilh dol.omlte fonnlng 
tlw core ilncl dolomite+ cnlcite the [dngc> z.ones. The zon·l11g is centred 
around tliP mi.nerclllzed :1or:iz•Jn nncl therefore <.ppears to be related to 
the formation of bas<: meta 1 suJ fidPs. 
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Although the paragenetiL bequence between dolomite and calcite 
is not known (section 3-2.3.b), it is assumed in the following discussion 
that calcite was precipitated from a solution which was originally in 
equilibrium 1dth dolon.itr, and that the transition from dolomite to 
calcite equilibrium is due to physeochemical changes of the solution, 
both spatially and temporarily. Figure 6-5 relates Lhe Ca/Mg ratio of 
a solution at various temperatures, precipitating, replacing, or in 
equilibrium with calcite and dolomite (Lovering, 1969). A change in 
eil".her the C;:J/~!g ratio or the temperature of a solution cnn result ir, 
a shift f:rom the dolomite field to the calcite field. Maintaining a 
constant temperature and increasing the Ca/Hg ratio, by Hall rock 
reactions or mineral form•Jtion, can shift the CFt/Hg ratio of a solutiot• 
into the calcite field. A decrease in the temperature of a solution, 
lvhile retaining a constant Ca/Hg ratio, nlso results in a shift from 
the dolomite field to the calcite field. It is tentatively suggested 
that the dolomite-calcite zonin~ around the li.Y.C. deposit, is a 
response to coolin rather than to changes in the Ca/Hg ratio of a 
solution, since such a mechanism is consistent with the feldspar zoning. 
Near the Cooley Dolomite the solution was in equilibrium with dolomite, 
away from the Cooley Dolomite the solution was in equilibrium with 
calcite ~nd dolomite. This pattern is similar to, but not as well 
defined as, the K-feldspar-albite zoning discussed in section 6-2. 
6_::-~::_L]_J:l~. !\ND KAOi" HllTE FOIU!J\TION 
6-1,. l Tu[ f beds 
As discussed Jn section 4-4.1 illite and kaolinite in the tuff 
beds, especially those in tlll' !I.Y.C. sub-basin, are believed to be break-
doHn products of: K-feldspar. This is a •elntively well studied feature 
common to hydrothermal systems asso~iated with mineralization and Lhennal 
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with calcite <Jntl tlo-Jomite (i\fLer Lovcd.ng, 1969). 
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springs dlurnhmn, 1962; Hemley and Jones, 19(JL,; Vdde, 1965). 
Kaolinite ~K-mica (HHte)~ K-feldspar reactions depend 
+ + 
upon the K /H ratio, temperature, and Si02 content of ti1e hydrothermal 
+ + fluid (Figure 6-3). At low K /H ratios and/or low temperature 
+ + kaolinite is the stable phase, at medium K /H ratios and/or higher 
temperature K-mica (illite), and at high K·I·/H+ ratios and/or still higher 
temperature K-feldspar. 
The phase changes in Figure 6-J can be expressed by the 
following reactions: 
1.5 
(1) The decomposition c'f K-feldspar to K-mica (illite) 
+ KAlSi (1 + H 
. 3 il 
(2) The decomposition of K-mica to Kaol~nite 
The reactions deplete a solution in contact with K-feldspar 
+ + + + in H and incro.ase it in 1: , Lhe nE'.t effect being to raise the K /H 
ratio of the solution. 
In the tuff beds in the H. Y. C. sub-basin there is no definite 
indication as to when feldspar was altered to illite and kaolinite. The 
breakdown of feldspar cures, overgrowths, and matrix indicates that the 
alteration probably occurred during lato diagenesis, after the formation 
of diagenetic feldspar (section 6-2). The pattern outlined by the degree 
of feldspar alLeration (section q-L1.l), suggests thc~t the process is 
related to ·;olutions which were emitted from the same plumbing system 
as the soJut.ions 1o1hich formed the <~ul:higenic feldspar discussed above. 
+ + The alteration requires that the temper<Jture or K /II ratio of the 
solution, which leaches the feldspar, is lower than the solution which 
formed the K-feJdspar-al bite zoning (Figure 6-J). 
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AI- Hc/\rthur there is no suggestion as to whether the breakclmm 
of the feldspar to illite •mel kaol-Inite \vas clue to a lowed.ng o£ the 
+ + K /H ratio, the temperature, or a combination of both these parameters. 
+ + If it was clue to a lowering of the K /ll ratio there is no indication as 
to what conlrollecl the ratio. Based on the crystalli11ity of the illite 
(which is discussed in more detail below) and the zonal distribution o£ 
the clay minerals it is considered more likely that the breakdown of the 
feldspar is related to solutions which were cooler than the solutions 
which formed the authigenic feldspar. These solutions entered the sub-
basin at a time when the hydrothermal activity in the sub-basin was 
waning. 
The degree 0f feldspar alteration documented in section ~-~.1 
+ + 
can be expl;lined in terms of changing K /il ratio of a solution moving 
away from the Cooley Dolomite and the mineralized horizon. The strongest 
+ + 
alteration. corresponding to solutions with the lowest K /H ratio 
(Figure 6-3), occurs closest to the miner<d.ized horizoa and Cooley 
Dolc,mite. \-lith increasing di.stan•:e from the mineralized horizon and the 
+ + Cooley Dolo~ite, the K /H rat~o of ~he solution would be increased as 
K+ \vas lenr:hed from the feldspar and ll+ Lost from Llw solution, until 
·z-feldspar 1·1as in equilibrium '·Hh the solution. This pattern of solu-
tion moveJ:Jcnt and evolution ·is similar to that suggested for the feld-
spar and rnrbonate zoning discu~ eel in sections 6-2 and 6-3. 
The great majority of clay minerals in sedimentary rocks are 
detrital in origin, but modified by cotion odsorption during diagenesis 
(\oleDver, 19"53; !973). ln the case o[ illite or kaolinite the parent 
m<Jterial \oJoulcl be o feLdspar or other silicate mineral \vhich has been 
subjected to weathering. In addition to a detrital origin, illite and 
;:;_; 
,[~ifi~.,i .. 
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kaolinitu <""1 form authigenically by, 
(a) alteration of feldspar and/or volcanic material 
after burial, and 
(b) colloidal material. 
H is probable tLat the formation of: illite and kaolinite, in 
the 1' {.C. shales, occurred by all three processes above. The fine 
grained Jetr ital nature of the shales is good evidence that clays would 
have been deposlLed in the sub-basins as a detrital fraction. The 
ubiquitous association of feldspar and volcanic material with the shales 
and the wide spread potassic alteration, is good evidence that conditions 
were suited for the formation of illite and kaolinite during diagenesis. 
6-5 LLLITE CRYSTALLINITY 
The reciprocal of the crystallinity index (CI>'<) of the illite 
I rom the shales in the 11. Y. C. sub-basi.n increases tmvards the mineralized 
horizon (section 4-4.2; Figure 4-17) indicating an increase in crystall-
inity as the mineralized horizon is approached. The main factors which 
alter the crystnl.linlty of Hl.Lte are burial depth (expressed as temp-
erature nnd pressure) and metamorphism (Kubler, 1968; Foscolos and 
Stott, 1975). It seems unlikely thnt the varintion in crystallinity is 
due to variations in the burial depth or to regional metamorphism as the 
samples 1vere collected over a 180m stratigraphic interval. Instead the 
change with stratigraphic distnncc from the mineralized horizon suggests 
tl.at the minuralized horizon and the crystollinity ore related. It is 
suggested that the crystallinity reflects an increase i.n the temperature 
gradiL•nt nssncl:Jt•ccl 1vlth mi1wrnli:dng [iuicls and/or the m:i.n8ral.Lzed 
horizon. 
As clctni]ed in section 4-4.2 and Figure 4-17 the crystallinity 
of :Lllitu from the tuff beds bchnves indepcnduntly to the crystallinity 
1:!7. 
of the illite from the shales. The crystallinity of the illite in the 
shales in' 1 eases towards the mineralized horizon, and :Ln the tuff beds 
it r<=mains essentially constant, thro\lgh the stratigraphic sequence. 
!t- ... " . 
' (Figure 4-17). The difference is interpreted to indicate that the 
illites formed by different processes and at different times. It is 
suggested that che format i.on of: illite ln the shales is related in time 
with the formation of feldspar in the tuff. 
+ + In addition to the K /H 
ratio, the Si0
2 
concentration determines whether or not feldspar or 
illite (K-rnica) is the stable phase in the K20-Na 20-Al 203-Si0 2-H 20 
system (Figure 6-1). At high Si02 concentrations K-f:eldspar is stable, 
and at low Si0
2 
concentrations illite. In the tuff beds, with a high 
vc,lcanic compol~L!nt and therefore high Si0 2 concentrntion, K-feldspar 
would be the stable p~ase and in the shales with a lower Si0 2 content, 
illite. 
In contrast Lhe illite in the tuff beds formed during a later 
event, after the formntion of authigenic feldspnr. The relatively 
constant crystnllinity of the illite in the tuffs (Figure 4-17) reflects 
a uniform temperature of formc>tion during a cooler stagt: of hydrothermal 
alteration of: the sediments in the H.Y.C. sub-basin. At lol-l temperature 
(Figure 6-3) the earlier forillecl feldspar in the tuff beds Has altered 
to illite and kaolinite (section 6-4.1), but the illite in the shale 
remained stable, and did not react Hith the late stage solutions. 
6-6 CJI~CLUSTONS 
The zonal distribution of the non-sulfide minerals outlined in 
Chapter L, can be e:<pLdned by·,changes in the chemical makeup of a 
hydrothermal solution or solutions travelling from east to west acrOss 
the ll.Y.C. sub-bnsin, that is, awny from the Cooley Dolomite and Emu 
Fault Zone. The di.recLion of solution movement is the same as the 
1""•:, 
JJ3ii~:- :,: 
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direction of movement suggested in Chapter 5 for the solutions which 
generated the zonal distribution of the sulfide minerals in the upper 
orebodies of the H.Y.C. deposit and the shales above the deposit. 
It is concluded that the minerals formed from a series of 
events, rather than a single event, from a solution that evolved with 
time. The three dimensional configuration of the K-feldspar-albite 
zoninG tiuggests that it formed after deposition of the entire H.Y.C. 
sequence in the H.'l.C. sub-basin. The association of K-feldspar and 
albite w!tlt the mineralization is good evidence that the solutions which 
generated the [eldspar zoning, probably utilized the same plumbing system 
as the solutions which transported the base metals to the sub-basin. 
The feldspar alteration patterns delineate a second phase (or 
continuation) of solution movement, at a time when the pH of the solution 
resulted in a breakdown of the previously deposited feldspars. The zonal 
distribution of the illite and kaolinite infer that the solutions Here 
also expelled from the same plun,bing system as those which generated the 
base metal and feldspar distributions. 
The major chemica.l changes Hhi.ch the solution(s) underwent >v:Lth 
increasing distance from the Emu Fault and/or Cooley Dolomite are, 
(l) a decrease in the K/Na ratio 
(2) a decrease in the Hg/Ca ratio, :mel 
(J) an increase in the K+/11+ ratio 
These changes could be the pt·od uc t of e:i.t her in ~:er<1 c t ion 
between the hydrothermal solution and the host rock (or sediment), mix-
ing with a second soluLion, and/or cooling of the hydrothermal soluLion, 
wlten it reached the sub-basln. 
7-1 CO~CLUSIONS 
CHAPTER 7 
CONCLUSIONS AND DISCUSSIONS 
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The H.Y.C. Pyritic Shale Member, studied in this thesis, occurs 
along the eastern margin 8£ a Lower Proterozoic (Carpentarian age) rift 
or intracratonic graben. From the evidence of the nodular dolomite, 
flake breccia, dessication features, sedimentary breccia, and cyclic 
s.:;,dimentaLion it is tentatively roncluded that the sediments WP.r•! 
deposited in a saline lacustrine environment, which was subject to 
oscillations in water level. Contrary to the popular idea that the H.Y.C. 
Pyritic Shale accumulated at the bottom of a deep depression, it is 
suggested here to have accumulated in a sh<.~llcn~ environment \~hich during 
some periods was very :'.-"llovl and possibly even emergent. 
The Cooley Dolomite, v1hich has been interpret·ecl as a reef and 
fore-reef compleY, is reinterpreted to be a block of lower McArthur Group 
sediments bounded by syndepositional faults. The fJre-reef slope is re-
interpreted to be a talus breccia, the clasts or which were derived from 
the aajacent fault bounded block. 
Th~ data collected in this thesis delineates the presence of a 
non-sulfide mineral halo above and to the west of the H.Y.C. deposit. It 
is recognized by changes, with increasing distance from th8 deposit and 
Cooley Dolomite, in the 
(a) K-felclspar to albi Le rat·io 
(b) dolomite to calcite ratio 
(c) crystallinity of illite, and 
(cl) bn:akdown of feldspar 
The halo contradicts previous studies of tho deposit which state 
-------------------.: :,:~L 
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"I11 contrast with many other st:r>atij'onn o1•es there a:r>e no 
recarded siliceous OJ' cl-ay-r•ich alteration zones around 
thG mineraLization. 11 (Lamber·t, .1.976). 11 
The data collected also outlines :l!alcopld.le element zoning lvithin, anci 
to some extent above, the minRralized horizon from 
Cu--> Pb~ Zn ---t Fe 
These data confute the earlier ideas that the orebody is not zoned 
(Lambert, 1976), or ii it is, it is only zoned around its peripheral 
arr=as (Hurray, 1975). 
On the basis of tvell escablished mineral zoning patterns, 
associated ~ith hydrothermal vein deposits and thermal springs, it is 
concluded tlw t tile solutions Hh"Lch formed the 101-:er ore bodies of the 
H.Y.C. deposit entered the sub-basin in its northeast corner and 
travelled southwesterly across the sub-basin. In contrast, the upper 
orebodies anJ the base metal sulfides aLove the deposit, formed tram 
solutions Hilich entered the sub-basin C!long its eastern margin and 
travelled westHard across tile sub-basin. Both systems delineate 
solution movement aHay from the Emu Fault Zone and/or Cooley Dolomite. 
A similar direction of solution movement has been vostulated for the 
solutions w~ich formed the Cooley and Ridge deposits (Williams, 1978a), 
along the eastern edge of the Jl.Y.C. sub-basin. The time of formation 
of the base metal sulfides is discussed later .in this Chapter. 
Tile zonal distribution and mineral textures of the sulfide and 
non-sulfide minerals indicate that they probably formed during an 
extended period of time and/or by scover01l pulses of solutions 1oJitl! 
changing chemicaL compositions. The chemic<1l composition of the 
solutions and tht~ minerals in equilibrium tvitl. the solutions, both ir, 
,,, 
.~':":.;;, .. )tl~ 
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sptrd and time, changed as the &olutions moved across the sub-basin and 
away from the Cooley Dolomite. The major chemical changes which the 
solutions underwr~nt 1~ith increasing distance from the Emu Fault and/or 
Cooley Dolomite, and t·h·rough time, are 
1) a decrease in the Cu/(Pb+Zn) ratio 
2) a deercase in the Pb/Zn ratio 
3) a decrease in the K/Na ratio 
h) a decrease ln the Mg/Ca ratio, and 
c' • . I IZ+/ + ' ~J an 1ncrease 1n t1e H ratlo 
The changes in the chemical composition of the solutions and minerals 
could be the product of interaction between the solution and the host 
rock (or sediment), mixing with a second solution from a previous 
(diagenetic) event, and/or cooling of the solution as it travelled 
across the sub-basin. The zonal distribution of the minerals suggests 
that they are the product of a COLlling solution, and wall rock reactiorrs 
rather than the product of mixing of two solutions. 
7-2 GENESIS OF THE H.Y.C. DEPOSIT 
7-2.1 Previous Studies 
The origirr of sedimerrtary stratiform deposits has beerr, and 
still is, a corrt1:oversial topic among geologists studying this class of: 
deposit. Theories for the or:igin of the l·l.Y.C. deposit, despite its 
excellcrrt preservat~: 11 and unmetamorphosed nature, are divided between 
two grou'ps, a ~_Egc~etic:_ group who postulate that the base metals ~Vere 
incorporated into the host serliments at the time of their deposition, 
a 11 d an epigenetic group who postulate that they were introduced into the 
host sediments some time after their d~position. The terms syngenetic, 
epigenetic, and diagenetic as used in this thesis have been defined in 
Chapter ].. The main statements of the syr,genetic theory are those of 
Croxford (19AR), Croxford and Jephcott (1972), Lambert and Scott (1973), 
Croxford et al. (1975), Munay (1975), and Lambert (1976); the main 
statements of the epigenetic theory are those of Williams and Rye (1974), 
Williams (1978a; 1978b), nnd Rye and Williams (1978). 
7-2.l.a The Syngenetic Concept 
Early workers who investigated the origin of the ll.Y.C. deposit, 
emphasised the association of base metals with carbonaceous pyritic 
black shale, and with volcanic material (Cotton, 1965; Croxford, 1968; 
Croxford and Jephcott, 1971; Laniliert and Scott, 1973; Murray, 1975). 
They concluded that the deposit formed by a simple syngenetic volcanic 
exhalative process, in whicli the base metals were exhaled into an anoxic 
environm~nt from thermal springs, and precipitated as sulfide after 
encountering a reservoir of reduced sulfur formed by bacterial sulfate 
reduction reactions. 
Vli.th Lhe availabilfty of sulfur isotope data, ~~hich indicater 
that the pyrite in the deposit is isotopic1lly different from the base 
metal sulfides (Smith and Croxford, 1973), it became obvious that the 
majorily of the pyrite did not coprecipitate with gdlena and sphalerite, 
suggesting that either there vJCre tiVo sulfur sources or t~ow processes of 
sulfide formation. Gulson's (1975) lead isotopic data supported this 
idea to the extent Lhat it sho\Ved that the sphalerite, galena and part 
uf the pyrite in the deposit are less radiogenic than the maj~rity of 
the pyrite. This data resulted in the abandonment of the simple single 
sulfur sedimentary volcanic exhalative model, and the adoption of dual 
sulfur souLTe mocels for the for11wtion uf the deposit (Smith <Jnd Croxford, 
1973). the new models involved the diagenetic formation of pyrite and 
the introduction of lead, zinc <Jnd iron into the depositional basin as 
'" };:!1~%,/; 
sulfides or sulfide complexes, without isotopic exchange between the 
diagenetic pyrite (and any sulfate present) and the sulfides. 
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It was pointed out by Williams and Rye (1974) that the dual 
sulfur source models of Smith and Croxford (1973) failed to account for 
the pr~sence of two generations of pyrite in the deposit and subsequently 
Croxford et al. (1975) modified the early dual sulfur source models of 
Smith and Croxford (1973). They suggested that overgrowth pyrite(Py
2
) formed 
after core pyrite (Py1), galena and sphalerite by post-depositional 
reactions, 1-1ith the iron being derived from the host shale· during 
diagenesis, and the sulfur by bacterial reduction of sulfate. However, 
Williams (i978a) argued that the parag0netic sequence indic&tes that 
overgrowth pyr!Lc formed nfter core pyrite, but in all cases before 
galena and sphalerite. In addition the lead isotopic data suggest a 
genetic link between galena, sphalerite and overgrowth pyrite, and not 
bet1-1een galena, sphalerite and core pyrite as would l•e necessary if the 
dual sulfur source model of Croxford et al. (1975) was the mechanism 
involved in base meta] formatic.!. 
ln summory, the arguments submitted by authors in support of a 
syngenetic urigln for Lhe H.Y.C. deposit are-
1) The m.Lneralization is stratifo-rm in nature, and occurs in 
sever;:ll distinct sedimentary sub-basins at the same strati-
graphic horizon. 
2) The deposit conLains relatively minor amounts of sulfide 
which texturally appears to have fanned after deposition 
of the sediments (e. g. sulfides replacing dolomite and 
tuffaceous debris, concretionary sultides, and cross cutting 
veins). 
3) The geochemical data do not support SE!lect:ive replacement 
of alumino-silicate or carbonate components. 
4) There is no evidence of pyrite replacement textures or 
an inverse relationship between ore grade and pyrite. 
5) There ls no systematic variation in ore zones, as would 
be expected if brines pabsed througl1 the whole ore interval. 
6) The highly porous and permeable breccia beds are poorly 
mineralized relative to the less porous and permeable shale 
beds. 
7) The mineralization outlines penecontemporaneous sedimentary 
structures, such as cross bedding and sl~mp structures. 
8) There is no apparent halo around the mineralizeo borizon. 
7-2.1. b Tile Epigenetic Concept 
The first suggestion that the H.Y.C. deposit could bave formed 
cpigcnctically was by Williams and Rye (1974), who pointed out thac the 
syngenetic dual sulfur sourc~ models of Smith and Croxford (1973) were 
not compatible with the presence of two generations of pyrite. They 
argued that the S isotope measurements supported an epigenetic pyrite 
replacement model, in loJhlch lead and zinc rich brines perrr.eated the 
host sediments and reacted wlth diagenetic pyrite to form sphalerite 
and galena. 
Lambert (1976), in his review of the H.Y.C. deposit, pointed 
out that there ls a lack of pyrite replacement textures in the deposit, 
which iH not consistent with the idea of an epigenetic pyrite replace-
ment model. 
Wllliams (1978a, 1978h) rejected the early pyrite replacement 
model·, suggesting that the mineralization formed epigenetically by a 
sulfate-reduction process. In this model, a sulfate, lead, zinc and 
iron rich brine permeated the host sediments in which diagenetic pyrite 
hod form~d. and the sulfate reacted with the carbonaceous matter b1 the 
sediments producing sulfide which caused the pt·ecip:ltation of pyr:l.te over-
growths, galena and sploalerite around the diagenetic pyrite. Further 
support for the epigenetic model has come from a ~arbon-oxygen isotope 
study by Rye nnd \olilliams (1978). The study sho11ed that carbon and 
oxygen isotopic values for dolomites from the deposit fall along a lb1e 
with the same trend as the carbon and oxygen isotopic values fer dolomites 
from the epigenetic discordant deposits and for a hydrothermal dolomite 
f I E F l I I I L . I 018 .r 13 i ·rom t1e ·.mu ·au. t ..n Dec: t1on, t1e 0 vs '' C systemat·cs from the 
centre of breccia clasts from the mineralizPd horizon are the same as 
dolomitC:'s from unmineralized areas, while the euges of tile clasts have 
values which f.1l.l between unmineraJ..ized and minerali.zed rocks. Rye and 
\olilliams (1978) concluded that there was a pre-ore dolomitization event 
fo.LloiKd by a hydrot!.ermaJ event that formed both the concordant and 
discordant deposits. This cvel't they consider to be epigenet:lc. 
\H.Lliams (.L979a), i.n his review of the minera.L:lzation at 
HcArthur River, concluded l:hat the stratifonn mineralization, although 
epigenetic, Eormed within about 100 meters of the sediment-water inter-
face. His arguments for epigenesis, in addition to those detailed above, 
are the presence of filamentous bacteria which are replaced or encrusted 
by pyrite but never sphalerite :Jr galena (Oehler and Logan, 1977), and 
relationsl1ips b0tween Py
1 
laminae and diagenetic dolomite concretions. 
These fcntures he interprets to mean that Py1 formed prior to the 
formation oE base metal sulfides, but at least in part after deposition 
of the enclosi.ng sediments. lie restrains the mnximum depth oE base 
metal sul [ide formn tion by thl~ occurrence of mi.neral Lzed clasts :in the 
6/7 interore bed breccia, which implies that base metal mJneral:ization 
must have occurred at depths iiO greater than about 100 meters below the 
lli6. 
sediment-water interface. 
In summary, the features submitted by authors advocating an 
epigenetic origin for the H Y.C. deposit are: 
l) Mineral textures indicate that the sphalerite, galena and 
a portion of the pyrite formed after deposition of diagenetic 
pyrite. 
2) The detailed S-isotope ratios of the deposit show that 
pyrite io in disequilibrium with sphalerite and galena, 
~esting_ that pyrite formed at a different time to the 
sphalerite and galena. 
3) The galena and sphalerite have uniform Ph-isotope composition, 
while the pyrite leads are a mixture of two types, one 
characterized by l01v radiogenic lead similar to that in 
the sphalerite and galena, and the other by more radiogenic 
lead. This suggesto; ·that two p~eriods of mineraliz8tion 
occurred, an early phase of pyrite formation and a later 
stage of sphalerite, galena and pyrite fcrmation. 
~) The S/C systematics of the deposit support a sulfa"e reduction 
model fo·r mineralization, in 1vhich sulfate wm: reduced and 
organic carbon oxidised. If the model was a syngenetic one, 
then the sulfur and lead isotopes in diagenetic pyrite (Py 1 ) 
would be the same as thode in t~e sphalerite and galena. 
5) The carbon and oxygen isotopic data of the concordant 
deposits falls on the same trend as the discordant 
deposits, suggesting that n single mineraJizing event 
(crmed both types of deposit. 
6) Bncterial fossils are encrusted or replacerl by pyrite but 
never sphalerite or galena, su_g_gesting that z~nc and lead 
--------------·--------------.a----------------~--------~~ 
were not available at the time of pyrite formation. 
7) J:.luch of the Py1 (~o~hich predates mineralization) .forreed 
after the diagenetic dolomite concretions, ~g_gesting_ 
that even the earliest pyrite formed at some dApth below 
the sediment-~o~ater interface. 
7-2.l.c Similarities Between the Two Concepts 
Despite these differences in view both groups agree on several 
aspects of the H.Y.C. geology. Both parties agree that: 
1) core pyrite (Py1) is diagenetic in origin and its sulfur 
was biologically reduced from sea water sulfate. 
2) The Emu Fault was the source of the hydrotherm~l solutions. 
3) Lhe presence of marcasite, the low rank of the carbonaceous 
matter and the S-isotope Fractionations between sphalerite 
and galena are evidence that the mineralizing event was a 
low temperature one. 
4) a dual sulfur source is needed to explain the S-isotope 
systematics of the deposit. The syngenetic group suggest 
the galena and sphalerite entered the sub-basin as lead and 
zinc sulfides or as discrete non-sulfide phases, and the 
sulfur in the pyrite was supplied from bacterial reduction 
of sea water sulfate. 
ln contrast to the syngenetic group, the epigenetic group 
suggest the sultur in galena, sphalerite and overgro~o~th 
pyrite entered the sub-basin as sul(ate, and was reduced 
when it encountered organic carbon, and t\,e sulfur in the 
core pyrite (Py
1
) formed dingcnetically by bacterial reduction 
of sea water sulfate. 
------------------------·-------------------------------------
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7-2.2 Genesis of the U.Y.C. Deposit and the "resent Study 
From the above review it can be seen that the difference in 
opinion on the genesis o~ the H.Y.C. deposit, between the syngenetic 
group and the epigenetic group, iq 1 matter of time. Did the base metal 
sulfides form at the same time as their host sediments, or Wdre they 
introduced into their host sediments below the sediment-water interface? 
The observations pres en ted in this thesis provide no new 
constraints on the timing of sulfide formation relative to sediment 
deposition, but they do confirm the relationship between the formation 
of pyrite and base metal sulfides previously outlined by Williams 
(197Ba, 1978c, 1979a and 1979b). The textural relationships between both 
generations of pyrite and the base metal sulfides leave little doubt 
that the base metal sulfiues formed after the formation of pyrite. The 
only constraint oc the maximum time in which base metal sulfides could 
have formed, remains the occurrence of trineralized clasts in the 6/7 
interore bed breccia reported by Croxford (JQ68) and Williams (1979a), 
which is good evidence that base metal sulfides formed within 100 meters 
of the sediment-water interface. 
The data in this thes~s confirm the proposition of \1:llliams 
(1979a) that base metal sulfide formation occurred after. ear] y d:i.agenesis, 
close to, but below the sediment-111ater interface. The data do not 
support previous models in which base metal sulfide formation occurred 
at or above the sediment-water intertace. 
The occurrence of base metal sulfides above the economic 
hanging wall of the deposit (lL!wt.% Pb+Zn), and the continued zonal 
distribution of these sulfides is good evidence that so~utions continued 
to flow from the Emu Fault Zone and/or Cooley Dolomite after the forma-
tion of the H.Y.C. deposit. The gradual decline in base metal sulfide 
content of the sediments above the deposit indicates a decline in the 
amount of chalcophile elements being transported by and deposited from, 
the solution. 
The formation of the non-sulfide mineral halo above the deposit, 
with a zonal distribution similar to the sulfide mineral distribution, is 
good evidence tbat the Emu Fault Zone and/or Cooley Dolomite ..:ont:Lnued to 
discharge solutions after the deposition of the entire stratigrapbic 
sequence in the H.Y.C. suh-basin. ln addition, tbe occurrence of base 
metal sulfides at Ridge II, and the zonal distribution of tbe chalcopbile 
elements reported by Williams (1978a), indicates that towards tbe end of 
deposition o[ the H.Y.C. Pyritic Shale there was a resurgence in the 
chalcophile element content of the solutions being discharged from the 
Emu Fault Zone. 
The suggestion that the mineralization formed below, but within 
about lOOm of, the sediment-water interface is not without problems. How 
did the solutions move, and why do they appear to have moved laterally 
but not vertically? What controlled the perme3bility and how was it 
maintained? lf the solutions were so close tc the sediment-water inter-
face, why didn't they mix with the overlying water column? 
Probably the most serious problem with the model is, if as the 
sulphur isotopes suggest the sphalerite and galena formed at temperatures 
between l00°C and 260°C, (\.Jill Lams, l979a) then why didn't the solution 
boil. There is no evidence in the sediments hosting the mineralization 
that the solutions boiled, but rather, the delicately and finely laminated 
nature of tlte sulfides implies that boiling within the pore s~aces of Lhe 
soft sediment rlid not nccur. Boiling point curves indicate that brines 
150. 
with between Owt.% and 25wt.% NnCl and at 260°C boil between 350m and 
550m below the sediment water interface (Helgeson, 1968; Haas, 1971), 
assuming that the pressure exerted by unconsolidated porous sediment 
1pproximates the pressure exerted by an overlying water column. Also, 
although the exa<.:t depth of water in which the H. Y. C. Pyritic. Shale 
was depotiited is not known, the data presented in Chapter 2 indicates 
that a depth of about 500m is ~xcessive. 
The possibility exists that the temperatures indicated by the 
sulfur isoto1- data, are indicative of later equilibrium temperatures 
attained after the formation of the sphalerite and galena. The develop-
ment o[ the non-sulfide mineral zoning above the mineralized horizon 
(Chapters 4 and 6) suggests that a continued input of solutions occurred 
after the formation of the H.Y.C. deposit. A continued input of heat 
associated with these solutions, may have resulted in a local thermal 
buildup and temperatures grea~er than those which accompanied the 
format1on of sphalerite and galena, and it may be these temperatures 
which are reflected in the sulfur isotopes. 
The sequence of events envisaged for the formation of II.Y.C. 
deposit and the mineral halo above the deposit can be summarized as 
follows. 
1) The depositiO!l of the host sediments in a shallow saline 
lacustrine environment. 
2) The diagenetic fG.mation of Py1 , by bacterial sulfate 
reduction reactions. 
3) The pyritization of [:i.Jamentous bacteria. 
4) The formation of black chert. 
5) The diagenetic formation of dolomite concretions and 
nodular dolomite. 
,, ... ·• 
6) Continued formation of Py1 by bacterial sulfate reduction 
renctions. 
7) The formation of Py2 overgrowths and concretions. 
8) The formation of K-feldsp::~r from volcanic glnss and the 
destruction of shard textures. 
9) The formation of base metal sulfides from Pb and Zn 
introduced into the sediment pile below, but within about 
100 meters of the sediment-water interface. 
10) The replacement of dolomite concretions and nodular 
dolomite by sphalerite and galena. 
11) The incorporation of mineral;zed clasts into the 6/7 
interarc bed breccias. 
12) Continued deposition of the sedimento above the H.Y.C. 
deposit and discharge of solutions, with relatively low 
chalcophile clement content, from the Emu Fault Zone 
and/or Cooley Dolomite. 
13) The formation of the albite and calcit~ halo above the 
mineralized horizon by solutions moving away from the 
Emu Fault Zone and/or Cooley Dolomite, but using the 
same plumbing system as the solutions which formed the 
base metal sulfides. 
14) The breakdoHn of Leldspar to illite and kaolinite by 
solutions 1vhich continued to floH from the Emu Fault 
system. 
15) The formation of the discordant Cu-Pb-Zn Cooley nnd 
Ridge deposits and the strnt:i.Corm Ridge II deposit. 
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It is therefore concluded that sulfide mineralization and 
non-sulfide mineral formation \~ere integral parts of a multistage 
hydrothermal history. Solutions with variable chemical compositions 
\~ere discharged from the Emu Fault Zone and/or Cooley Dolomite over a 
time period e~tending at least from the base of the H.Y.C. Pyritic Shale 
Hember until the formation of the Ridge II deposit. 
7-'3 Cmii'1\RfSON \HTH Till~ ~IT. IS;\ DEl'USlTS 
The Nt, I sa deposit, 580km southeast of the H. Y. C. deposit 
occurs near the edge of a fault bounded meridional trough considered by 
Plumb et al. (1979) L:o be a parageo&yncline. The sediments hosting the 
deposit are pyritic and dolomitic carbonaceous siltstones (Pb-Zn ore-
bodies), and siliceous-carbonate rocks, the "silica dolomite" (Cu ore-
bodies). Traditionally the host sediments to the mineralization ~ere 
considered to have been deposited in deep water (Carter et al., 1961; 
Zimmer:nan, 1961). During the·- last 15 years the depositional environment 
of the host sediments, especially the "silica dolomite" has been reinter-
preted as shallow water (Stanton, 1962; Garlick, 1964; Bennett, 1965), 
and more recently the recognition of pseudomorphs after evaporites has 
lead to the suggestion that they were deposited in a restricted inter-
montane saline b<:~sin (Van den Heuvel, 1969), or a sabk!Ia-intertidaJ 
complex (McClay and Carlile, 1978). Like t' ·sediments hosting the 
H.Y.C. deposit, those hosting the Mt. IsP ;eposit also contain numerous 
thin tuff beds (Croxford, 1964). 
Information about the chalcophile element zoning at Mt. Isa is 
not well documented in the literature, but the available data shows that 
the deposit is zoned from Cu~f'b-+ Zn-tFe with inc:reas:Lng distance f1:om 
the Ht. Isa Fault (SLanton, 1972; ~lathias and Clark, 1975). This 
zoning is the same as the chalcophile elemeiil' zoning away from the Emu 
1·53. 
Fault in the H.Y.C. deposit. 
Unlike the H.Y.C. deposit, no patterns of non-sulfide mineral 
zonation have been recognized above the Mt. Isa deposit (Fisher, 1960; 
Bennett, 1965). This may be partly a reflection of the greenschist grade 
of metamorphism which the Mt. Isa sediments have been subjected to. 
In summary, the H.Y.C. and Ht. Isa deposits occur in similar 
rock types, which were deposited in similar shallow water saline environ-
ments. The deposits are zoned from Cu1Pb~Zn \•lith increasing distan-:e 
from major structural lineaments, the Ht. Isa Fault and the Emu Fault 
Zone. The similarities between the two deposits suggest that they fnrmed 
by similar processes. but the Mt. !sa deposit has since been subjected to 
greensch' t metamorphism. 
7-4 FUTURE INVESTIGATIONS 
The observations documented in this thesis have pin pointed 
several features of the geology of the H.Y.C. deposit for which no 
satisfactory explanation can be given. The study indicates that 
valuable insights into the formation o •:be H. Y. C. deposit, and other 
sedimentary stratiform sulfide deposits, will comE from studies which 
provide new and/or additional information about th~ folloHing aspects of 
the deposit. 
7-4.1 Non-sulfide mineral zoning 
The present study indicates that the sediments above the H.Y.C. 
deposit are zoned with respect to non-sulfide minerals. The minimal 
data available on the non-sulfide minerals directly below the deposit 
indicate that they may be zoned in a similar patLern to those above the 
deposit. Additional studies are required to investigate this possi-
bility. 
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7-4.2 K-feldspar 
Initial studies indicate that there may be significant textural, 
cltemlcal, and structural differences between K-feldspar near mineraliza-
tion and K-feldspar away from mineralization. Further data on rhe K-
fcldspar from the McArthur River area should therefore provide additional 
insights inLo the formation and processes by which the H.Y.C. deposit was 
formed. 
7-4.3 Sulfur Isotopes 
The dnta in this thesis indicates that the lower orebodies were 
fanned by solutions which travelled from the north to th~ south of the 
sub-basin, and tlte upper orebodies by solutions which travelled from the 
east to the west nf the sub-basin. A study of the sulfur isotopes of the 
different sulfide minerals from the variouti orebodies may delineate 
temperature gradients corresponding to the base metal zonal distribution. 
7-4.4 Nodular Dolomite Facies 
It has been su~gested in this thesis that the host sediments to 
the H.Y.C. deposit may have been deposited in a saline lacustrine 
environment. Additional sedimentalogical studies on the nodular dolomite 
facies are required to test this proposition further. 
7-4.5 Depositional Environment 
ThR data in this thesis indicates that the depositional 
environment of the H.Y.C. Pyritic Shale Member was emergent and at times 
was ubject to dessication. In addition, it was suggested that the 
water level probably oscillated over several meters. Additional studie~ 
of the sedimentary sequence and the tectonic framPwork of the sut-basin 
are required to gain a better understanding of what controlled th~ water 
de~ths during sedimentatlon. 
7-4.6 Solution Movement 
The mineralizing model submitted in this thesis requires that 
the solution which formed the base metal sulfides travelled laterally 
through the sediment pile. Further data, perhaps exper~nental, is 
required before the mechanics of this process can be fully understood. 
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APPENDIX A 
Explanatory Notes fo·r Tables of Chemical Dat:a 
The element.J, Si, Ti, Al, Fe, Mn, Hg, Ca, K, P, were obtained 
using standard x-ray fluorescence (XRF) techniques. They Here determined 
as oxides (Fe as Fe2o3) in glass discs prepared by the fusion method of 
Norrish and Hutton (1969). 
The elements Na, Co, Gel, Tl, Cu, Pb, Zn, were determined by 
standard atomic absorption spectrometry. 
Elemental analysis for sulfur was carried out on samples 
combusted in a LECO induction furance and the resulting sulfur gases were 
titrated according to ATSH procedure E'30-47, usine a LECO Model No.518 
titrator. In this method, all sulfur is combust<:d to so2 and titrated 
with KI0 3 in a starch solution. 
C and C0 2 analyses were carried out on samples combustecl in org 
a LECO induction furnace and determined on a LECO WR-12 carbon 
determinator. C was determined on samples after removal of carbonate 
org 
carbon by acid digestion (2N HCl). co 2 was calculated by subtracting the 
C from the total carbon in the sample. 
org 
The Fe value is the amount of iron v1hich occurs :in pyrite. The 
pyrite content of each sample was calculated assuming that all sulfur 
occurs in s_halerite, galena, chalcopyrite, and pyrite, by subtracting 
the amount of sulfur contained in stoiciometric sphalerite, galena, and 
chalcopyrite from the total sulfur in the sample. The FeO value is the 
amount of iron not occurring in pyrite. 
i'lo20 
f<20 
P205 
FeD 
Fe 
C02 
s 
Cu + 
Pb + 
Zn + 
HOLE 
(m) 
C Corg) 
TOTAL 
TABLE 1: 
lvl17/08 
64.00 
65.81 
0. 23 
11. 10 
0.06 
2. 44 
4.09 
4. 03 
1. 24 
0. 06 
1. 85 
0.64 
5. 11 
0.79 
0. 00 
0.31 
0.01 
0.33 
98. 10 
lfuole rock chemical data for 
Q13/44 009/13 
326.80 206.90 
63. 99 68. 9!21 
0. 22 0. 26 
12. 95 11. 06 
0. 06 0. 03 
2.53 1. 96 
2. 51 1. 67 
0. 08 0. 21 
8. 44 7. 35 
0. 05 0. 06 
1. 32 1. 68 
0. 40 0. 69 
3. 60 2. 46 
0. 48 0. 98 
0. 00 0. 00 
0. 00 0. 01 
0. 03 0.38 
0. 29 0. 24 
96. 94 97. 95 
samples analysed in this thesis 
i'-120/62 P16/28 M14/72 tvl20/02 
82. 00 104." 10 222.30 42. 40 
74. 68 41. 66 66.34 69. 74 
0. 13 0. 31 0. 10 0. 17 
10. 01 12.89 8.34 11. 49 
0.03 0. 17 0. 12 0. 04 
0. 83 6. 45 3.56 1. 09 
2. 98 9. 4 7 5. 23 3.62 
5. 21 0. 05 1. 92 5. 11 
0. 29 9.73 3.33 0. 62 
0.03 0. 07 0. 02 0. 03 
0. 84 2. 03 0. 91J 1. 21 
0. 13 0. 21 0. 11 0. 40 
3. 08 1 ;1-_ 65 8.27 3. 41 
0. 15 0.25 0. 17 0. 49 
0.00 0. 01 0. 00 0. 00 
0. 80 0. 01 0. 01 0. 13 
0. 01 0. 00 0.09 0. 01 
0. 28 0. 23 0. 14 0.23 
98. 67 98. 19 98.64 97.78 
+The 0.00 base-metal values are rounded values. Ratios used to construct the figures in 
chapter 5 were calculated from unrounded ppm values. The base-metal ratios are included 
on the relevant diagrams in Chapter 5. 
TABLE ,A.,-1 (cont.) 
DRILL HOLE 018/46 K16/65 Q15/66 R10/70 022/10 i'J16/03 P16/28 DEPTH (m) 1G2.30 49. 1S 246. 60 131. 70 66. 40 95.70 267. 80 Si02 38. 10 62. 26 64. 14 66. 67 69. 35 63.97 58. 46 Ti02 0. 10 0. 12 0. 18 0. 16 0. 12 0. 11 0. 21 Al203 6. 67 13. 56 15. 32 12. 84 10. 02 7. 93 13. 45 t'lnO 0. 20 0. 04 0. 02 0. 04 0. 04 0. 11 0. 05 MgO 9. 14 1. 64 1. 86 1. 63 0. 87 3. 83 2. 15 CoO 14. 50 2. 36 0. 58 1. 96 5. 47 fl. 10 
.l. 32 Na20 2. 92 5. 16 0. 12 0. 10 5. 47 4. 25 0. 17 K20 0. 99 0. 53 10. 14 9. 94 0. 22 0.33 8. 42 P?05 0. 02 0. 02 0. 02 0. 04 0. 02 0. 04 0. 05 FeD 1. 12 0. 42 2. 20 0. 70 1. 4!::i 0. 91 1. 63 Fe 1. 08 1. 76 0. 22 0. 60 0. 26 0.59 3. 74 C02 22. 88 3. 73 0.77 2. 90 5. 41 9. 81 1. 85 s 0. 17 2. 03 0. 26 0.70 0. 32 0. 70 4. 30 Cu + 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 01 Pb + 0. 01 0. 00 0. 00 0. 00 0. 11 0. 02 0m Zn + 0. 04 0. 02 0. 02 0. 02 0. 02 0.05 0. 00 C (org) 0. 13 0. 32 0. 10 0. 17 0. 18 0.34 0. 26 TOTAL 97. 98 93. 98 95. 94 98. 4'7 99. 34 99. 07 96. 12 
..... 
Vl 
~ 
i ::· "f"<b<• !,,,,,,,,,, 
TABLE t\-1 Ccont) 
HOLE J20/88 M20/02 ~·124/50 J13/25 N27/63 L27/64 t-.-114/72 
DEPTH (m) 95. 90 188.80 165. 70 159.00 158. 10 152. 10 353. 20 
Si02 63. 1 1 62. 10 55. 67 57. 66 60. 37 59. 91 57. 65 
Ti02 0. El 0. 14 0. 13 0. 13 0. 18 0. 14 0. 17 
Al203 12. 37 10. 92 10. 11 10. 20 11. 06 10. 94 8. 65 
tv! nO 0. !09 0. 11 0. 18 0. 09 0. 09 0. 10 0. 16 
HgD 2. 14 2. 27 3. 64 3. 14 1. 77 2. 47 3. 81 
CaD 3. 33 3. 72 6. 21 4. 65 2. 89 4. 17 5. 52 
l\la20 3. ~4 3. 72 0. 07 4. 41 0. 30 0.09 0. 40 
K20 4. 34 3. 42 8. 47 1. E' ') 8. 89 9. 23 5. 90 
P205 0. 07 0. 05 0. 03 0. 03 0. 04 0. 03 0. 10 
FeD 0. 85 - • 1 l. l ~ 1. 32 '2l. 51 0. 65 1. 08 0. 90 
Fe 0.99 1. 86 1. 41 3.54 3. 20 1. 49 2. 51 
C02 4. 80 5. 71 9. 79 7.36 4. 47 6.74 8. 70 
s 1. 21 2.38 1. 65 LL 0'7 3. F38 1. 72 2. 89 
1Cu + 0.00 0. 01 0. 00 0. 00 0. 01 0.00 0. 00 
Pb + 0. 01 0. 03 0. 17 0. 04 0. 05 0. 04 0. 02 
Zn + 0. 16 0. 48 0. 01 0. 01 0. 00 0. 02 0. 01 
C Corg) 0.33 0.23 0. 15 0. 19 0. 26 !Zi. 23 0. 48 
TOTAL 97. 52 98. 25 99.02 97. 87 97. 91 98. 42 97. 87 
f-' 
lJ1 
'-!J 
~ . .. Z't .. " 
TABLE A-1 Ccont) 
DRILL HOLE RHJ/70 M17/08 K16/65 029/63 009/13 022/10 Q13/44T DEPTH (m) 318. 50 204. 90 190. 70 189. 70 364.50 216. 70 508. 60 1 Si02 42. 10 58. 84 56. 91 61. 37 67. 32 28. 06 65. 78 Ti02 0. 20 0. 15 0. 20 0. 20 0. 20 0. 17 0. 15 Al203 13. 26 9. 58 12. 27 12. 48 15. 46 4. 07 11. 76 t'\nO 0. 20 0. 13 0. 07 0. [/16 0. 01 0. 56 0. 06 I I ~·\gO 5.39 3. 77 2. 59 2. 05 1. 38 11. 30 2. 58 I CaC! 7. 71 5. 39 3. 43 2. 94 0. 48 19. 08 2. 28 1 i'la20 :J. 09 8. 18 3. 53 0. 10 0. 15 0. 07 0. 10 K20 9. 98 6. 70 3. 96 10. 25 9. 40 2. 09 7. 95 P205 0. 18 0.04 0. 04 0. Ql8 0. 07 0. 05 0. 03 FeD 1. 30 1. 36 0. 88 0. 68 0. 74 2. 96 1. 78 Fe 2. 16 1. 52 3. 06 0.63 0. 41 0.58 0. 63 C02 11. 66 8. 52 5. 12 4.61 0. 69 27. 76 3. 45 s 2. 48 1. 77 3. 74 0. 73 0. ,18 0. 72 0. 74 Cu + 0. 00 0. 00 0. 03 0. 00 0. 00 0. 00 0. 1210 [: 0.01 0. 17 l. 39 0. 01 0. 00 0.03 0. 1210 Ll. 01 0. 00 0. 00 0. 02 0. 01 0. 09 121. 02 Cor g) 0.50 0. 21 0. 21 0. 42 0.321 0.31 121. 12 OTAL 97. 23 98. 40 97. 43 96. 63 97. 10 97. 90 97. 43 
f-' 
m 
0 
T t\BLE A--1 (co.-,t) 
DRILL HOLE P23/48 p 16.-'28 F15/90 t~ 14/72 J20/88 124/51 M20/02 DEPTH (m) 180. 70 378. 00 53.60 427. 90 199. 48 149. 40 294. 80 Si02 72. 99 65. 30 48.61 52. 87 68. 47 61. 66 66. 37 Ti02 0. 15 0. 35 8. 47 0. 30 0. 33 0. 41Zl 0. 38 Al203 10. 94 10. 26 13.58 8. 25 9. 68 12. 42 11. 70 MnO 0. 05 0. 09 0. 17 0. 32 0. 10 0.08 0. 07 MgO 1. 26 2. 87 3. 76 4.66 2.38 1. 77 2.31 CaO 1. 22 1. 76 3. 57 6. 83 2. 91 2. 45 1. 64 l\ja20 0. 15 0. 05 0. 10 0. 07 2. 15 0.09 0_ 19 K20 8. 27 3. 48 5.59 3. 80 2. 86 9. 73 4. 7121 P205 0. 03 0. 10 0. 12 121. 11 0. 87 0. 10 0. 08 FeO 0.57 6. 02 7.32 4. 03 3. 17 1. 09 5. 06 Fe 0. 28 0. 41 1. 14 1. 47 0. 49 1. 17 0. 45 C02 1. 61 2. 66 5. 12 10. 71 4. 53 3. 46 J.. 76 s 0. 34 1. 04 2.33 2. 32 0. 55 1. 73 0. 75 Cu + 0. 00 0. 00 0. 01 0. 01 0. 00 0.00 0. 00 Pb + 0. 00 1. 34 2. 06 0. 15 0. 05 0. 22 0.57 Zn + 0. 02 0. 74 1. 43 1. 23 0. 16 0. 73 0. 29 C Corg) 0. 14 0. 24 0.33 0. 37 0. 19 0.20 0. 21 TOTAL 98. 02 96. 70 95.70 97. 51 98. 21 97.30 96. 52 
f--' 
0"\ 
: 
TABLE A-1 (cont.) 
DRILL HOLE H17/88 ~-124/50 G28/84 K16/65 022/10 Ad it EMU 9\ 
DEPTH Crn) 295. 60 283. 10 102.40 277. 50 310. 10 5 0/B* 495. 40 
Si02 64. 74 62. 04 63. 00 53. 80 65.81 58.60 73. 01 
Ti02 0. 44 0.38 0. 48 0. 71 0. 42 0.54 0. 15 
Al203 13.79 12. 21Z 14.03 20. 19 12. 46 16.34 10.97 
1'1n0 0. 04 0.05 0. 04 0.04 0. 11 0. 05 0. 05 
I<! gO 2.36 1. 37 1. g 1 2. 42 1. 38 2. 20 1. 37 
CaD 0. 90 1. 76 1. 29 1. 20 1. 94 1. 23 2. 50 
~Ja20 0. 09 0. 16 0. 12 0. 14 0. 10 0. 12 6.35 
K20 5. 64 9. 29 7. 68 7. 25 8. 67 8. 82 0. 09 
P205 0. 09 0.08 0. 11 0. 15 0.09 0. 11 0. 03 
F ... o 4. 84 0. 88 2. 26 2. 65 1. 74 2.78 0.58 
F"' 0. 46 2. 3·+ 0.72 1. 01 0.31 0. 79 0. 03 
C02 1. 24 2. 71 1. 75 1. 22 2. 77 1. 70 3.77 
s 0. 72 3. 04 1. 31 1. 52 0. 73 1. 30 0.03 
Cu -1- 0.00 0.01 0. 00 0. 00 0.00 0. 00 0.00 
Pb + 0. 59 0.80 0.77 0.55 0. 15 0. 28 0. 00 
Zn + 0. 20 0. 46 0.75 0. 55 0. 72 0. 72 0.00 
C Corg) 0. 18 0. 13 0. 21 0. 33 0. 19 0. 20 0. 03 
TOTAL 96. 32 97.69 96. 45 93. 74 97. 58 95. 79 98. 96 
-)(· 5 0/B = 5 orEabody tuFF 
f--' 
0\ 
N 
TABLE A-1 (cant) 
--------
DR:;: l_L HO~E l . 1·><- E~'IU 2 :v114/72 t-12 4/50 tv\17/08 L27/64 
DEPTH (m) 184. 4Ci 16EL 8~] 152. 40 429. HJ 283. 70 297. 00 274. 90 
Si02 56. 4l 64_ a;~ 47. 13 18. 36 19. 95 18. 90 17.79 
Ti02 0. 43 0. 25 0. 33 0. 19 0. 23 0. 21 0. 20 
Al203 16. 16 15.55 8. 62 3. 86 4.58 4. 29 3. 94 
ivlnO 0_ ~ -~ C. 01 0. 14 0. 10 0. 04 0. 04 0. 05 
HgC 3. 29 L 92 6. 03 1. 83 1. 05 1. 07 1. 44 
CaC 2. 84 1. 16 9. 42 1. 95 0. 85 0. 73 1. 75 
f\la20 ~L l2 [J_ 15 0. 13 0. 05 0. 06 0. 03 0. 05 
K20 9. 90 9. 7i 5. 46 L 21 2. 97 2. 29 2. 89 
P205 0. 218 0.06 0. 12 0. 11 0. 1 1 0. 11 0. 09 
FeD 1. 13 0. 50 1. 08 3. 10 0. 00 0. 00 1. 25 
Fe s. 58 0. 37 1. 49 21. 68 17. 31 21. 96 21. 72 
C02 4. 31 1. 79 16. 16 2. g2 1. 18 2. 28 2. 48 
s 0. 68 0. 42 l. 71 29. 60 23. 40 30. 70 31. 00 
Cu + 0. 00 0. t?J0 0. 00 0. 15 0. 21 0. 18 0. 20 
Pb + 0. 00 0. 00 0. 01 3. 33 5. 65 4.70 5. 25 
Zn +- 0.04 0. 00 0. 00 8. 55 15. 60 9. 70 10.70 
C (org) 0. 24 0. 16 0. 40 0. 40 0. 37 0.39 0. 23 
TOTAL 96. 23 96. 88 99. 23 97. 39 98.55 97. 58 101. 03 
1* = Barney Creek 3 
f--' 
~ 
w 
TABLE A-1 Ccont) 
DRILL HOLE .113/25 D22/10 i-120/02 K16/E35 P16/28 J26/13 F12/58 DEPTH (m) 235. 7!0 311. 90 296. 60 278. 20 380. 20 147. 10 79. 20 SiD2 16. 59 19. 09 15. 23 16. 29 17. 28 19. 77 18. 28 Ti02 0. l 7 0. 21 0. 17 0. 20 0. 21 0. 22 0. 15 Al2D3 3. 37 4. 31 3. 10 3.52 3. 94 4.37 3. 02 HnD 0. 17 0. 04 0. 05 0. 06 0. 08 0. 06 0. 25 t~gD 2. l 9 1. 07 1. 20 1. 13 1. 40 1. 85 1. 29 CaD 2. 92 0. 73 1. 52 0. 90 1. 39 1. 48 9. 40 Na2D 0. 05 0. 05 0. 03 0. 02 0. 03 0. 04 0. 02 K2D 1. 33 2. 30 1. 20 1. 37 1. 76 3. 29 0. R2 P2D5 0. 10 0. 11 0. 08 0. 10 0. 11 0. 10 0. 11 FeD 2. 30 3. 39 1. 78 3. 37 2. 59 0. 45 2. 62 Fe 21. 92 19. 15 23. 47 21. 55 20. 84 20. 94 18. 0E C02 4.36 l. 01 1. 80 1. 29 1. 85 2. 18 7. 97 s 30. 00 28. 70 33. 00 31. 20 30. 80 29. 80 24. 40 Cu + 0. 11 0. 17 0. 18 0. 20 0. 25 0. 20 0. 09 Pb + 2. 81 3. 81 4. 5.5 5. 00 5. 00 4. 60 2. 90 Zn + 8. 95 12. 50 10. 90 11. 60 10. 80 10.30 6. 55 C(or ) 0. 68 0. 40 0. 31 0. 29 0.34 0. 40 0. 42 I 
' 
To~ 98. 04 97. 04 98. 59 98. 08 97. 86 100. 04 96. 34 f 
I 
f-' l "' .c- I 
l 
,. 
T t\BLE A-1 Ccont) 
IDRI;_L HGLE :24/5~ K24/08 j20/88 F15/90 117/96 G17/66 K28/94 ,DEPTH Cm) 151. 20 218. 80 200. 90 55. 00 202. 30 91. 40 286. 70 I SiD2 20. 27 17. 07 18. 70 16. 38 21. 94 17.77 17.00 Ti02 0. 21 0. 19 0. 20 0. 16 0. 25 0. 18 0. 21 Al203 4. 43 3. 94 4. 16 3. 15 5. 49 3. 49 4. 68 tv! nO 0.Z7 0. 06 0. 06 0. 10 0. 09 0. 09 0. 04 tvlgD 1. 67 1. 24 1. 82 1. 72 1. 86 1. 76 0. 93 CaD 2. 42 1. 64 2. 08 2. 10 1. 85 2. 09 1. 07 i'la20 0. 05 0. 03 0. 08 0. 03 0. 06 0. 05 0. 04 K20 
.3. 08 2. 79 1. 87 1. 27 2. 16 1. 45 3.50 P2D5 0. 10 0. 09 0. 10 0. 08 0. 12 0. 08 0. 09 FeD 0. 77 0. 98 k3. 00 1. !216 2. 86 1. 53 1. 43 Fe 18. 80 21. 66 21. 16 23. 34 18. 44 21. 29 23. 51 C02 3. 22 2.32 3. 27 3. 33 2. 66 3. 0!21 1. 46 s 27. 20 31. 00 30. 20 32. 00 26. C'0 29. 90 32. 10 Cu + 0. 15 8. 17 0. 17 0. 15 0. 16 0. 17 0. 18 Pb + 3. (35 3. 80 3. 95 3. 50 4. 10 4. 0.5 3. 40 Zh + 10. 50 11. 30 10. 80 9. 50 8. 55 9. 85 9. 35 C Corg) 0. 47 0. 37 0. 30 0. 35 0. 42 0. 28 0. 30 TOTAL 96. 44 98. 64 98. 92 98. 23 97. 00 97. 02 99. 29 
..... 
0' 
Ln 
TABLE A-1 Ccont) 
------------------------------------------DRILL HO~E G20/84 
DEPTH Cm) 103. 50 
Si02 15.67 
Ti02 0.17 
Al203 3. 49 
~'I gO 
CoO 
i'Jo20 
K20 
P205 
FeD 
Fe. 
C02 
s 
Cu + 
Pb + 
Zn + 
C (org) 
TOT t\L 
2. Z9 
..., ~-c:.. 0 l 
0. 04 
1. 75 
0. \218 
0. 42 
21. 74 
3. 87 
30. 50 
0. 15 
3. 50 
10. 20 
0. 35 
96. 72 
022/ HJ 
t-1 14/72 
3:.39. 50 
~-27 /64 >124/~i0 1'127/63 
175. 80 209. 60 187. 10 187. 50 238. 40 
------------------------ --------- ----------------------~ 
36. 07 30. 22 14. 38 42. 96 16. 89 I 29. 32 
0. 43 
10. 47 
!.0. 07 
3. 38 
2. 61 
0. 11 
5. 43 
0. 23 
1. 16 
11. 40 
5. 14 
~ 3. 10 
0. 00 
0. 02 
0. 02 
0. 35 
94. 24 
0. 39 ;_;_ 32 0. 1 s ~- 46 0. 17 
8. 94 7. 34 3. 44 10.99 3. 791 
0. 31 0. 15 0. 57 0. 25 !Zi. 34 
6.38 4.06 10.51 5.74 6.16 
10.18 9.33 1"/.99 8.38 10.71 
0. 13 0. 13 2l. [)8 0. 14 0. 07 
5. 73. 4. 28 2. 47 6. 49 
0. 20 0. 18 0. 06 0. 22 
1. 92 0. 73 1. 73 2. 28 
5. 03 12. 00 8. 52 2. 83 
15.00 11.50 27.80 12 .. 40 
6. 00 14. 00 10. 00 3. 30 
0. 00 z. 00 0. 00 0. 00 
0. 05 
0. 44 
0. 57 
97. 31 
z. 11 0. 07 0. 01 
0. 41 0. 43 0. 09 
0. 64 0. 39 0. 75 
2. 57 
0. 09 
1. 51 
J 7. 12 
16. 10 
20. 00 
0. 00 
0. 14 
0. 55 
0.34 
95. 49 98. 59 97. 29 
·96. 63 
----------------------------------
TABLE /\-1 (cant) 
CRILL HOLE j 13/ 25 J2l2.L'88 P16/28 K16/65 RH.l/70 tvl17/08 L27/64 DEPTH (m) 178. 20 117. 90 286. 80 2 HJ. 40 335. 60 224. 60 125. 80 ~ Si02 45. 04 L',5. 76 35. 15 41. 84 39. 85 38. 81 48. 40 Ti 02 0. 51 VJ. 55 0. 35 0. 48 0. 36 0. 42 0. 52 Al202 12. 06 12. 95 0.36 11. 16 8. 87 10. 08 12. 20 f11r...,o 0. 09 0. 06 0. 14 0. 06 0. 07 0. 06 0. 09 MgO 4. 08 3.92 4.33 4. 23 4. 83 3.60 4. 46 CoO 4. 65 4. 31 5. 91 4. 88 8. 23 4.32 6. 27 No2C 0. 15 0. 16 0. 10 0. 16 0. 07 0. 13 0. 14 f<20 6. 08 6. 70 5. 05 5. 74 4. 17 5. 42 6. 94 P205 0. 27 0 . .31 0. 20 0. 25 0. 30 0.24 0. 37 FeD 1. 37 1. 74 1. 26 1. 29 0. 00 0. 73 1. 30 Fe 6. 27 5.50 11. 05 8. 02 11. 39 11. 30 3. 01 CG2 6. 35 5. 56 19. 20 7. 22 12.20 6. 04 8. 62 s 7. 20 6. 40 12. 70 9. 30 13. 10 13.20 3. 50 Cu + 0. 00 0. 00 0. 00 0. 00 0. 0.0 0. 00 0. 00 Pb + 0. 03 0. 03 0. 04 0. 04 0. 05 0. 10 0. 02 Zn + 0. 26 0. 17 0. 01 0. 17 0. 02 0. 43 0. 09 C (org) 0. 75 0. 91 0. 76 f::. 63 ,P' 0. 48 0. 67 0. 96 --TDT/\L 95. 17 95. 03 96. 60 g~). 46 103. 98 95.55 96. 88 
f-' 
0' 
-.] 
TABLE A-1 (cant) 
loR ILL HOLE 022/~8 F:6/28 H2LJ/'2J2 t-12~7 /63 '<16/65 J13/25 013/44/ !DEPTH (m) 186. 8'21 238. 48 158. 50 l31. HJ 161. 3'21 13'21. 221 4_:;'0. 301 Si02 39. 88 4l a 11 43. 33 46. 40 42. 43 44. 38 30. 88 Ti02 0. 36 0. 40 21. 41 0. 48 0. 42 0. 49 0. 28 Al203 8. 96 9.54 9. 68 11. 37 9. 72 ~ 1. 75 6. 63 f~nO '21. 07 '21. 16 0. 06 0. Z9 0. 09 0. 217 0. 09 HgO 4. 88 c; ~...., 4. 66 4. 86 4. 94 5. 03 3. 47 -....J. De::. CoO 8. 28 7. 85 8. 213 6. 95 6. 82 6. 52 4. 57 No20 8. 26 0. 12 21. 42 0. 15 0. 38 0. 24 12l. 06 K20 4. 20 4. 74 4. 12 6. ~c 4. 34 5. 04 3. 43 P205 0. 30 0. 20 0. 33 0. 37 0. 37 0. 40 0. 20 FeD 0. 96 1. Z3 1. 83 1. 09 0. 95 1. 54 12l. 12l0 Fe 7. 33 5. 91 5. 89 3. 54 6. 54 4. 72 17.39 
" 
C02 10. 80 11. 30 9. 83 9. 90 1 !Zl. 1 0 8. 90 6. 54 s 8. 60 6. 90 6. 8!21 4. HJ 7. 70 5. 50 20. 00 Cu + 0. 00 0. 0!21 D. 08 0. 00 0. 00 0. 00 0. 00 Pb + 0. '217 0. 05 0. 05 0. 04 0. 1 0 0. 04 12l. 03 Zn + 0. 34 0. 21 0. 06 12l. 06 0. 36 0. 16 0. 05 C (org) 0. 89 1. 01 0. 86 0. 96 1. 15 1. 02 0. 66 TOTAL 96. 17 96. 16 95. 56 96. 76 96. 40 G5. 80 94. 29 
~ 
V' 
co 
TABLE A-1 Ccont) 
I[JP.:tLL HCL.E (~12:,/50 Hl7/C8 H14/72 J20/88 H20/02 Kl6/65 ,DEPTH Cm) 132. 3C 183. 20 324. 80 66. 40 90. 00 91. 20 SiC2 42. 33 43. 11 44. 47 42. 65 31. 85 34. 04 Ti02 8. 44 0. 48 0. 43 8. 43 0. 28 0. 34 Al2U3 10. 41 9. 55 10. 03 10. 64 7. 08 8. 94 HnO 0. 10 0. 09 0. 10 0. 07 0. : 1 0. 07 t-1g0 5. 53 4. 59 5. 10 4. 86 3. 21 2. 93 CaD 7. 77 6. 41 6. 87 7. 63 4. 12 5.59 Na20 0. 31 z. 13 0. 12 0. 37 0. 35 0. 18 K20 4. 83 4.57 4. 85 4. 53 2.30 3. 00 P2C:5 0. 34 0. 35 0. 37 0. 36 0. 23 0.30 .Feu 1. 27 1. 31 1. 09 1. 05 1. 10 0. 54 I I F. 4. 74 6. 77 5.35 5. 69 16. 35 13. 52 C02 11. 50 9. 15 9. 55 10. 70 5. 88 6. 35 s 5. 50 7. 90 6. 20 6. 60 19. 00 15. 70 Cu + 0. 00 0. 00 0. 0C 0. 00 0. 00 0. 00 Pb + 0. 04 0. 07 0. 03 0. 06 0. 10 0. 06 Zn + 0. 10 0. 24 0. 10 0. 12 0. 43 0. 34 C Corg) 0. 98 1. 00 1. 11 1. 00 0. 90 1. 18 TOL'\L 96. 20 95. 63 95. 76 96. 75 93.30 93. 08 f-' 
CJ'. 
'-0 
Ti\BLE A-~ Ccont) 
,..--
IDR1LL HOLE 022/10 113/25 H24/50 r~ 14/72 M17/12!8 L27/64 !DEPTH (m) 111. 3S 91. 2S 62. 20 266. 90 114. 112! 62. 60 iSiC2 37. 42 38. S5 25. 52 36. 8::3 35. 13 24. 61 I 1Ti02 0.37 12!. 39 0. 23 0. 38 0. 35 12!. 24 
,,\1203 9. 21 9. 63 5. 76 9. 66 9. 23 6. 00 ! r~nO 0. 07 0. 09 0. 11 s. 12 0. 12!7 0. 11 !HqC 2. 73 3. 37 2. 47 3. 85 2. 66 2. 0~-I ~ Jcac 6. 23 4. 38 3. 02 4. 79 5. 812! 2. 49 1 Na20 0. 45 0. 1 J 0. 27 0. 12 0. 29 0. 12!9 K20 3. 02 3. 70 1. 84 3. 85 3. 21 2. 05 P205 0. 30 0. 35 0. 19 0. 31 0. 29 0. 20 FeC 0. 54 0. 40 2. 50 1. 06 1. 25 IZI. 16 Fe 12. 00 11. 16 20. 14 11. 42 12. 54 21. 87 C02 6. 80 5. 35 4.34 7. 30 6 . .15 2. 75 s 14. 00 13. 10 23.50 13. 20 14. 70 25. 60 Cu + 0. 00 0. 00 0. 00 0. 00 0. 00 121. 00 Pb + 0. 07 0. 07 0. 14 0. 06 0. 08 0. 212! Zn + 0. 43 0. 56 IZI. 71 0. 16 0. 60 12!. 94 C Corg) 1. 57 1. 43 0. 86 1. 39 1. 212! 121. 80 TOTAL 95. 21 92. 13 91. 62 84. 48 93. 86 912!. 16 
TABLE A-1 Ccont) 
---'DRILL HOLE N27/63 Pl6/28 ~ H}/70 i'i27 /53 J28/77' 029/63 
1 
DEPTH \m) 6"~. 4~ 177_ 3Z 373 .. 20 3212. 021 1214. 00 331. 30 1s · o~ ---------· I l <.::: 24. 25 38. 13 18. 65 18. 41 35. 32 37. 52 'Ti02 0. 23 0. 39 21. 27 0. 20 0. 41 0. 40 Al203 5. 55 9. 86 6. 29 3. 74 9. 45 9. 40 HnO 0. 11 0. 09 0. 27 0. 05 0. 08 0. 16 fiJgO 2. 24 3. 28 4. 55 l. 12 2. 73 3. 38 CcG 2. 64 4. 00 5. 97 1. 34 3. 49 5. 30 ~~a20 0. 43 0. 14 0. 08 0. 10 0. 12 0. 57 K20 1. 78 4. 23 3. 94 2. 80 6. 18 6. 14 P205 0. 19 0. 31 0. 14 0. 08 0. 13 0. 18 FeD 0. 00 0. 99 1. 86 0. 00 0. 00 0. 97 Fe 22. 69 11. 60 17.50 21. 47 13. 08 10. 56 C02 3. 1;5 5. 50 9. 52 1. 87 4. 83 8. 35 s 26. 50 13.50 20. 70 31. 48 15.35 13. 11 Cu + 0. 00 0. 00 0. 01 0. 18 0. 01 0. 02 Pb + 0. 19 0. 05 0. 17 4.72 0. 03 0. 19 z + 0. 86 0. 34 0. 95 12. 45 0. 66 1. 95 I C ~or g) 1. 08 1. 4G 0. 49 0.33 0. 67 0. 63 /TOTAL 92. 19 93. 89 92.57 100.34 93. 54 98. 81 
f-' 
" f-' 
T ABl_E A-1 Ccont) 
-----DRILL HOL.E ~':cA-t.hur 2 1 ~- ·r eena 4 Buffc:lo 3 Barney Ck. 3 Hytrle 2 Lynott 1 I DEPTH (m) 78. 48 2:30. OS 753. 2Li 320. 80 219. 30 98. 00 ! Si02 58. 5:J 32. 03 53. 57 29. 4:0 51. 08 67. 83 54.78 
Ti02 0. 22 l2. 14 ~L 13 0. 26 0. 21 0. 18 0. 46 
Al203 12. 33 18. 01 8. 20 5. 78 13. 34 9. 88 14. 61 
ivlnO 0. :JB 0. 71 0. 17 0.51 0 13 0. 04 0. 04 
~'I gO 3. sa 8. 97 5. 64 ~ 8. 7t, 4. 04 2. 33 7. 21 
CoO 4. 06 14.25 8. 43 27. 57 6. 55 3.38 2. 69 
Na20 0. :J9 0. 52 :J. 07 0. 09 0. 09 0. 08 0. 11 
K20 11. 19 4. 13 6. 34 3. 35 11. 7 4 8.33 7.55 
P205 0. SB Li. 03 c. 84 2L 11 0. 04 0. 04 0. 11 
FeO 0 :::;r• :::.09 1. 27 --, 16 1. 47 0.62 2.38 . ~'-' "-· 
Fe 0. 34 0. 31 0. 62 0. 03 0. 18 0. 28 0. 27 
C02 7 . 52 21. 79 13. 07 8. 61 1[2. 44 5. 39 3. 80 
s 0. ~a 0. 85 0. 72 0. 03 0. 21 0.36 0. 31 .:5~ 
Cu -1- 0. 80 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Pb + 0. 80 2. 55 0. 00 0. 00 0. 00 0. 00 0. 00 
?.n + 0.-C0 0. 20 0. 0C 0. 00 0. 00 0. 01 0. 00 
C Corg) 0. -+6 0. 12 0. 18 0. 41 0. 14 0. 46 0. 08 
fOTr\L 99. 74 98. 69 98. 45 97. 2l5 99. 64 99. 20 94. 42 
---·-
1 .;(· Wickens Hill 9 
f-' 
...._, 
N 
173. 
Drill Hole Depth(m) Cd fP"' Co f'P"" Tl ('[>""' As r•P"" 
'1114/72 429.1 185 57 306 1300 N2L, I so 283.7 337 66 29:! 2100 i-ll 7/08 297.0 210 63 317 1830 1U0/70 373.2 lL1 34 206 460 L27/6L, 
'2?L1. 9 247 61 270 1520 J13/2') 235.7 168 63 293 J.li20 0?2/10 311. 9 28J 7l 301 2lil0 ~120/02 296.6 237 65 308 1900 !(16/65 278.2 2L,Cj 69 328 J.820 1'16/28 380.2 2L,f, 60 :n6 1820 J26/l6 1Li7 .1 234 66 290 1880 Fl?./58 79.2 133 L,8 228 1000 l2L,/51 ] 51. 2 236 41 268 1610 V24/Q8 218.8 253 61 286 1640 
.J:'0/88 200.9 239 56 301 1720 FjS/90 j5.0 201 56 295 ::.8L,o l1 7/96 202.3 193 52 281 1500 Gl7/66 91.1, 220 (,1 290 1450 1\28/94 28b.7 192 61 279 1JI"O G21J/8L, 103.5 260 63 281 1500 
'0. 27 j(.'l l02. 0 31 7 6L, 269 
.l2d/77 104.2 37. 38 202 029/63 331.3 21, so 216 
.,,\ 111. r ' ') l.- ... Cl'uc:]J[.'lll icol uala for Cd, Co, Tl ~·Jd t\s from Shale 
llorizon 1 
------------------------~--~----r~·--~~~~ 
Drill l!oh: P"' r th ("') As rrm Drill llo1e Depth(rn) AsrP"" 
~!1lf /72 369.5 310 1<16/65 161.3 1.20 L2 7/GLf 175.8 290 JJ.J/25 130.2 60 :·1:20/02 209.6 lf80 Ql3/4lr lr70. 3 350 ~12 1f/50 187.1. 670 ~!2lr/50 132.3 50 N27/6 3 187.') 13(). HL?/08 
.1.83.2 90 022/1.0 238 .lr 790 ~illr/72 32lr. 8 80 Jl3/25 178.2 230 J20/S8 66.4 60 c!20/88 117.9 230 H20/0:? 90.0 330 Pl6/28 286.8 !r70 1<16/65 91.2 31.0 1\lC,/IiS 210.4 260 022/LO 
.1.1.1..3 1.50 1\10/70 335.6 520 
.11.3/25 91.. 3 200 t-117/08 22lr. 6 160 t·12lr/50 62. 2 260 L27/6!r 125.8 60 l·IJ.lf /7 2 266.9 1.40 022/JO 186.8 160 HL7/08 lllf .1. 230 Plli/28 238. lr 90 L27/6!r 62.6 300 H20/L)2 158.5 100 N27/63 6lr. 4 310 N27/63 131.1 llO P16/28 177.3 1.70 
'[',\1\I.L A-'3 c;,··oc l!t·r:J; <:~: J c.lntn for ,\s from :.ihale HorJzcns 2,3 ancJ lf 
175. 
TABLE A-4 
Location Lf Geochemical Samples listed in Table A-1 
Drill llo1e Depth(m) Location 
l'IJ7/0il 
-\] bi tic Tuff 
326.00 II 
009/13 206.90 II 
N20/62 82.00 
1'1b/2H l 04. 10 II 
NJ 4/72 222.30 II 
~120/02 II 
102.30 II 
K16/65 49.10 II 
QlS/66 II 
RlU/70 131.70 II 
022/10 66.40 II 
Nl6/03 95. 7() II 
1'16/28 267.80 Upper Stylolite Marker Tuff 
J20/88 95.90 II 
:·120/02 188.80 II 
165.70 II 
JJ.J/25 159.00 II 
N27/GJ 158.10 II 
L2 7 I 61, 152. 1 f) II 
353.20 II 
lU0/70 3Hl.50 II 
HJ7/0K 2i' 90 II 
Kl6/65 190.70 
II 
176o 
Dr ill Hole ~pl:h(~ Locntlon 
029/63 189o 70 Upper Stylolite Harker Tuff 
009 I 13 36<'io50 II 
022/10 2lbo 70 ,, 
QLJ/LJll 508o60 II 
P23/ll8 1800 70 II 
PlG/28 378o00 5 Orebocly Tuff 
HS/90 53o60 II 
HllJ/72. !127 0 90 II 
J20/88 .199 o l10 II 
__: 2t1 I 5.1 ]ll9 0 !10 II 
i'l2(1/0:! 29!1 0 80 II 
m7/08 295.60 II 
H2LI/50 283ol0 " 
G20/8LI 102. L10 II 
Kl6/6'J 277o50 II 
022/10 310.10 II 
Ad it 5 0/B II 
HlLI/72 Ll29.10 Shale Ilorizon l 
Hlll I so 283o 70 
1-117 /Oil 297.00 II 
L2 7 I 611 L711.CJQ II 
Jl3/25 235.70 
II 
022/10 311 0 90 
1·120/02 2%.60 
II 
Klb/6') 278.20 II 
1'16/28 380o20 
177. 
Dr ill Hole Deplh(m) Location 
J26/16 147.10 Shnle llorizcn ' J. 
F12/ 58 79.20 II 
12<1/51 151.20 II 
K24/08 218.80 II 
J20/08 200.90 II 
FlS/90 55.00 II 
IL7/96 202.30 II 
G17/66 9J..L,O II 
K28/94 286.70 II 
G20/8L, 103.50 II 
Hl4 /7 2 369.50 Shale Horizon 2 
L27 /6L, 175.80 II 
}!20/02 209.60 II 
H24 I so 187.10 II 
0.27/63 187.50 
II 
022/JO 238.40 
II 
Jl3/2J 178.20 
II 
J20/88 117.90 
II 
Pl6/28 286.80 
II 
Kl6/65 210.40 " 
Rl0/70 335.60 
II 
II 
1"117/08 22L,,(,Q 
L27/6L, 125.80 Shale Horizon 3 
II 
022/10 186.80 
II 
1'16/28 238. L,O 
II 
1-120/02 158.50 
.178. 
Drill llo1e Depth(m) Location 
N27/63 131. 10 Shale Horizon 3 
K16/65 161.30 
J13/25 130 .. 20 II 
Q.LJ/44 L,70. 30 II 
H2L, I so 132.30 II 
1'1.17/0H 183.20 II 
1
·11.1.1/ 72 32L,. 80 II 
J20/88 66. L, 0 II 
H20/02 90.00 Shale Horizon L, 
Kl6/65 91.20 II 
022/10 ] 11. 30 II 
JlJ/25 91.30 II 
}124/50 62.20 
1'114/72 266.90 
II 
!117/08 lll1. 10 
L27 j(,L, 62.60 
N27/63 6L1. L, 0 
,. 
P16/28 177.30 
II 
lU0/70 373.70 Shale Horizon ]_ 
302.00 II N27 /73 
:LOL,, 00 II J28/77 
029/63 3 'J l. 30 
II 
179. 
ADAJ>IS, J.E., & IU!ODES, H.L., 1960: Dolomitization by seepage refluxion, 
Am. Assoc. let. Geol. Bull. V.44, 1912-1920. 
AIU·IBRUST, G. A., OYARZUN, J. & ARIAS, J., 1977: Rubidium as a guide to ore 
in the Chilean porphyry copper deposit. Econ. Geol.~ V.72, 
1086-1100. 
BARNES, l-l.L., 1975: Zoning of Ore Deposits: Types and Causes, Tl'ans. 
Rovo l :3oc. Edinhw'glz~ v. 69, 2 9 5-311. 
BARTON, P.B. 1978: Some ore textures involving sphalerite from the 
Furutobe Nine, Akita Prefecture, Japan. Min. Geol.~ V.28, 
293-300. 
BASKIN, Y., 1956: A study of authigenic feldspars, J. GeQl.~ V.64, 132-155. 
BENNETT, E.M., 1965: Lead-Zinc and Copper Deposits oE Mount lsa; in 
r;,,,!,'r:!• o.f' ,1ustl•aUan Ore DC['OG1>tn~ 2nd Edition, ed. by J. NcAndrew; 
8th Cumm. 1-lin. Heta. Congr. : Nelhourne. 
BERNER, R.A., 1971: Principles oE Chemical Sedimentology, HcGraw-Hill Book 
Company, 240p. 
illSCHOFF, .J.L. ,_ L969: Red sea grcothermal brine deposits: Their mineralogy, 
chemistry, and genesis in : Hot hrinc:o and recent heav;t me·tal 
•icJr:Dz'Lr: in the Red Se(.l~ E.T. Degens and D.A. Ross (eds). 
Springer. Verlag New York Inc., 368-401. 
BOUl·IA, A.l!., 1.962: Sedimentology of some flysch deposits. Amsterdam 
Elsevier, 168p. 
BRO\-rN, A. C., 1971: Zoning in the 1rlhite Pine Copper Deposit, Ontonagon 
County, Hichigan £con. Ceol.~ V.66, 5q3-573. 
BRO\·i~:, H. C., CLAXTON, C.\-1., (, PLUNB, K.A., 1978: "The l'roterc•zoic Barney 
Creek Formation and some associated units of the HcArthur Group, 
Northern Territory," Jupcau coj' i·JI:ncl'al h'coow'cen, C<Jnberrn, Record 
BROI·TNE, 
No. )_969/145. 
P.R.L., & ELLIS, A.J. 1970: The Ohaki-Broa:Jl,inrls Hydrothermal area, 
Nel-l Zealnnd: Hiner a logy and related geocherr.J.stry, Am. ,JouP. Sci. 
v. 269' 97-131. 
!IURtHlNI, C. H., 1962: Facies and types oi hydrothermal alteration. Econ. 
r;rol,.~ V.57, 768-781,, 
HUTLER, G.P., 1969: Hodern evaporite deposition and geochemistry of co-
existing brines, ~he sabkhu, Trucial Coast, Arabian Gulf, 
,}, ':d'. Sn.l. fc t., v 39, 70-B9. 
llUYCE, H.R., and J'l~ll:ll~L\::. G.H., 1975: Significance of authigenic K-felclspar 
in Cambrian-Ordovician carbonate .. ocks of the Proto-Atlantic 
Shelf in North Amerlca. JmtP. Sed. i'c~. V,I,S, p.808-82J.. 
CARPENTER, A: 13., TROUT, !·1. L., & PICKETT, E. E., 1971,: Preliminary report on 
the oriBin and chemical evolution of lead and zinc-rich oil 
field brines in Centrnl Hissi.ssippi.. £con. Geot.~ V.69, 1191-1206. 
--~------------------------· 
180. 
CARROLL, D. 19/0: Clay Hinerals, a guide to their X-ray identification. 
r;u: I-. Sc·e. Am. , .S]:ec. Prtf'. 12 6. 
CARTER, E.K., BROOKS, J.N., & Walker, K.R., 1961: The Precambrian mineral 
belt of north-western Queenslai1d. BLll'. MineP. Resou:t'. Aus·t. 
Bull.. 51. 
CHOHN., T.!'-1, [,ELKINS, J.E., 1971•: The on.g"Ln of quartz geodes and 
cauliflower cherts through the silicification of anhydrite 
nodules. Jow'. S('d. T'et., V.l111, No.3, 885-903. 
C.N.R.-C.N.R.S. AFAR TEAl>!, 1973: Geology of Northern Afar (Ethiopia). 
Revue cle Geogr>aphie Phv.siqHe et de Ceo logie Dynwni.que. Vol. XV. 
FASC l1. 44'3-1190. 
CORBETT, J.A., LAHBERT, l.B. & SCOTT, K.N., 1975: Results of analyses of 
rocks from the HcArthur area, Northern Territory. Tech. Comn. 
57, CSIRO, Divisi0n of Mineralogy. 
CROXFORD, ~1 • J. \ol., 1964: Origin and significance of volcanic potash-rich 
rocks from t·lount Isa. 7'Panu. Inst. Min. f.fetall., V. 71•, 3.::-1.3. 
____ ______ 1968: A mineralogical examination of the HcArthur lead-
zinc-silver deposit. Pr>oc. Awrt. lnst. ~hn. Uctall. No. 226, 
97-108. 
---------'GULSTON, ILL. & S!>llTH, J.H., 1975: The McArthur Deposit: 
A review of the current situation. MinePal DeFOBita. 10, 302-3011. 
____ E, JEPHCOTT, S., 1972: The HcArthur lead-zinc-silver deposit, 
N.T. PPoc. Aust. Inst; . .'1in. Metall. No.2113, 1-26. 
DANIEL, H.E. & HOOD, \oi.C., 1975: AJteration of shale adjacent to the Knight 
orebody, Rosiclare, Illinois. Eeon. Geol. V.70, 1062-1069. 
DAVIS, L.Vi., 1975: Captains Flat lend-zinc orcbody in (;colom; of Ausb•alian 
f-'J''' [)q:m:ito. C.L. Knight Ed. t·!e1bourne: i\ustralasian Institute 
of Hining and Heta~lurgy, 694-700. 
DECfi, W.A., HO\ollE, R.A., ZUSS}~N, J. 1963: Rock Forming minerals, V.4, 
Lc,ngman, 1•35p. 
DEFFEYES, K. S., 1959: Zeolites in sedimentary rocks. ,Jow'. Sed. Pet., 
\'.29, 602-609. 
DESBOROUCII, G./\., 1975: Authigenic albite nncl potnss.ium Eeldspnr Ln the 
Green River Formation, Colorado and \·lyoming. Am. Min. V.60, 
235-239. 
DICKSON, .J.A.D., 1965: A r::'1difie:: staining technique J:or carbonates in thin 
section. i'!otw•c, No.l•971, p.587. 
ELLIS, A.J., 1968: N:1Lural hydrothermal systemF and experimental hot-water/ 
rock i.nternction: Reactions with NaCl solutions ancl trace metal 
cxt:rnction. Gcoclzim. r:;t Cc:;mocln:m. ilcta. V.32, 1356-1365. 
FENNER, C.N., 1936: Bore-hole investigations in Yellowstone Park. 
Jow•. GeoL.J V.L,4, 225-315. 
FISHEl\, N.H., 1960: Review of the evidence and genesis of Haunt Isa 
orebodies. Rep. 2Zst Inter•1w.t. Geol. Congr., 16, 91-111. 
181. 
FOSCOLOS, A. E. & STOTT, D.F., 1975: Degree of diagenesis, stratigraphic 
correlations and potential sediment sources of Lower Cretaceous 
shDlc of northeastern British Columbia. Geot. Survey Canada) 
Butl. 250. 
FLJcliTBAUEH, H., 1972: Influence o[ salini.ty on carbonDte roc:ks in the 
Zechstein Formation, north-western Germany : UNESCO, Geolcgy 
o[ saline deposits. Pl'OC. l!cmovm• Sympos1:wnJ 1968 (Earth 
Scienc:es 7) 23-31. 
GARLiCK, \~.G., .1961: in Hendelsohn, r. (eel): The Geology of the Northern 
Rhodesian Copperbelt. 146-162. HacDonald and Co. Ltd. London. 
________ 196L,: Association of mineralization and alg .. LL reef 
structures of Northern Rhodesian Copperbelt, Katanga and 
Austr,Jlia. E'con. Ceol. V.59, Ld6-L,27. 
CASSE, F., 1974: Fluctuations of the i\[.:r Jake 1 evels during the l<1 te 
Qu,trtcrnory period. in. Afar Depression of Ethiopia; Intcr-
Un·ion Ccmmiss1:on on Ceodynwnics Sdeni ij'ic Rcpor /; No. 14 eels. 
A. Pilger and A. Resler. 
CRCNER, J.W., 1944: The hydrothermal alteration of feldspars in acid 
solutions between 300° and 400°. E'con. Geol. V.3L,, 578-589. 
GULSON, B.L., 1974: Differenc:es in lead isotope composition in the 
stratHam HcArthur zinc-leDd-silver deposit. MineraL lJ~?positaJ 
10, 277-286. 
HAAS, J.L., 1971: The effect of salinity on the ma.dmum thermal gradient 
o[ n hydrothermal system at hydrostatic pressure. Econ. Geol. 
V. 66, 94Q-9Lt6. 
lL\LL, H. E., & HEYL, A.V., 1968: Distribution of minor elements in ore and 
host ro~k. Illinois-Kentucky flourite district and Upper Mississippi 
Valley zinc-lead distric:t. Econ. Deol.J V.63, 655-670. 
HA!HLTON, L.H., ~:, HUIR, H.D. 197L,: Precombrian microfossils from the 
J>!c,\rt!lllr River lcad-zinc·-si.lver deposit Northern Territory, 
Australia. f.Jineru.l Uc;/or;iicc!J 9, 23-86. 
HAY, R.L., \9(16: Zeolites and zeol.:ltic rc<lct.ions in sedimentary rocks. 
r:coi. [;'.Jr.:. ;1m. Spec. !'Of.'tT No.85. 
HELGESON, 11. c., 19(17: Silicate metamorphism in sediments and the genesis 
·L · · IJ· J S C ,,..,,.i,, of' of hydrothermal ore so. ut~ons. In 1 O\.Jn, •· • • , " t.•o " " 
Sn•nl:<:)'o.l'l'l Zead-;;inc-lxlPiLe-j'lun>J1 it.e :let oDitt:: E'ccn GeoZ. 
i·.'•;J!O(fi'Uf'h ,·;, 333-3ll2. 
------------------------·· 
182. 
HELGESON, II. C., J.Sl68: Geologic and thermodynamic characteristics of the 
Saltan Sea geothermal system. Am. Jour. Sci. V.266, 129-166. 
-------- .1970: A chemical and thermodynamic model of ore deposition 
in hydrothermal systems. MineraZ.Soc. Amel'. Spec. Pap. 3, 155-186. 
Hl~~!LEY, J. , 1959: Some mineralogical cqui Libria ln the system K
2
0-Al 0 -
SL02-H 20. Ame.r. Jour'. Sci.~ V.257, 2L11-270. 2 3 
& JONES, H.R., 196L,: Chemical aspects of hydrothermal alteration 
with emphasis on hydrogen metasomatism. Econ. GeoZ. V.59, 538-569. 
HESS, P.C., 1966: Phase equilibria of some minerals in the K 0-Na 0-Al 0-
Si02-H 20 system at 25°c and 1 atmosphere. Am. Jour~ Sci~ 2 3 
V.264, 289-309. 
lL:YL, 1\.V., IIOSTERf.!AN, J.\<1., & BROCK, H.R., 196L,: Clay mineral alteration 
in tl1c Upper Mississippi Valley zinc-lead district in Clays and 
C.l ay Ninerals: Proc. Z2th NaU. Cm:f. on Clay and Clay fvJinerals~ 
L,45-453. 
JACKSON, H.J., ~!UIR, N.D., PLill!B, K.A., LARGE, D. E., BRO\vN, 11.C., & ARNSTRONG, 
K.J., 1978: Field Hork Report, McArthur Basin froject, 1977. 
Bw•. i·i'in. Rrwonr.~ Canberra, Record No. ;_978/5LJ. 
JOHNSON, I.R., KLINGNER, G. D., 1975: Broken Hi e deposit and its 
environment. in "Economic GC?.ology of Au._ ~ralia and Papua Ne1v 
Guinea", Ed. C. L. Knight 476-490, liusLI'alis. InsL. Min. Mei;alZ. 
MoiiO:JY'. 5. 
KASTNER, H., 1971: Authigenic feldspars in carbonate rocks. Am. Min. V.56, 
1403- :l.Li q 2. 
KUBLER, B., 1968: Ev<~luation quantHative due metamorphisme par la 
cristallinite de l'i]lite f!·dZ. Ce'!ti'e Fiech. Pau- S.N.P.A._. 
V.2, 385-397. 
LAl-lBERT, I.. B., 1976: "The HcAr:.:hur zinc-lead-silver deposit: features, 
metallogenesis, and comparisons Vlith some other stratiform ores," 
Hcn:duool< c>f' sirato-bowul and sLJ'aLij'ol'l?i oPe deposits (Edit. by 
Holf, K.ll.), Elsevier, 1\msterdam, 535-585. 
& S~OTT, K.H., 1972: Implications of geochemical investigations 
------;:;-r sc;dit:o,entary rocks within and around the Hc!lrthur zinc-lead-silver 
dc'jJOfdt, Northern Territory, oloU2'1/i1~ GLuclwlll. E.Tplmo._, 2, 307-330 
& SCOTT, K.H., lg75: Carbon contents of sedimentary rocks 1-1ithin 
and around HcArthur zinc-lead-silver deposits, Northern Territory. 
Jour. Geochcm. Explor. V.LJ, 365-369. 
LOGAN , R. G • , 19 7 7 : 
i\g-Pb-z,. 
Conqxmy) 
The ll.Y.C. l'ydtic Shale l·lcmLer :in and ilround the JI.Y.C. 
D::oposit, ~!cArthur River, N.T.; CarTclltm•ic: Expl01'ation 
Tcchm:caZ Ii'q <Jl"'t r:o. 68G (unpublished). 
LOVERING, r.s., 1969: The orig~1 of hydrothermal and low temperature dolomite, 
Econ. GuoZ. V. 6L,, 743-75L,. 
-------------------------
183. 
HcCLAY K. R., & CARLILE, D. G., 1978: Hie-Proterozoic sulphate evaporites 
at the Haunt Isa Hine Queensland, Australia. Nature, 27ll, 
2ll0-241. 
~lcKAY, H · J ·, 1976: Haunt I sa Hi11es - Technical Services Report No. 3900 
(unpublished). 
}[, )NE, E J., OLGERS, F., CUCCHI, F.G., NICHOLAS, T., & HcKAY, IV.J., 1975: 
\-loodla~m copper-le.:~d-ainz orebody. in Geology of llustl'alian Ore 
lJeposi-L.s. C.L. Knight Eel: 3rd Ed. Helbourne: Australasian 
Institute of Mining and Hetallurgy. 701-710. 
H.ATHlAS, ll.V., & CLI\RK, G.S., 1975: Mount lsa copper and silver-lead-zinc 
oreboclies - Isa and Hilton mines. in Econo1m:c: Geoloov or Australia 
and Pupu; Ncu) Guincr1, ed. C.L. Knight; Australian I;1·~t:L.tute of 
H.Lning and }1etallurgy, Honograph 5, 351-372. 
HUfFLER, L. J.P., E, \·H-llTE, D. E., 1969: Active Netamorphism of Upper Cenozoic 
sediments :Ln the Salton Sea geothermal field and the Salton Trough, 
Southeastern California; Gcol. Soc. Am. Bull: V.80, 157-182. 
HURRAY, \·I.J., 1975: The geoJogy of the H.Y.C. and relate.d ore deposits. in 
Ecrmon11:c Geology of llustmUa and Popua NeuJ Guinea, ed. C.L. Knight; 
Australian Institute of Hinlng and Hetallurgy, Hunograph 5, 329-338. 
NORRlSH, K., f, CHAPPELL, B. H., 1967: X-ray fluorescence spectrography. 
in Physical Methods in Detel'lninative Mii1el'alogy; eel. J. Zussman. 
Academic Press, London, 161-214. 
OCIILER, .1.11., 1977: Hicroflora of the II.Y.C. Pyritjc Shale Hember of the 
Barney Creek Formation (HcArthur Group), middle Proterozoic of 
north8rn Australia. lllchm'inga, 1, 315-3lf9. 
, & LOGAN, R. G., 1977: "Hicrofossils, ch<::rts, and associated 
---~-neraU.zation in the Proterozoic lkArthur (H. Y. C.) lead-zinc-
silver deposit," Econ. Gcol., V.72, 1393-1409. 
OHLE, E.L. 1959: Some considerations in determining the origin of ore 
deposits of the Hississ:Lppi Valley !:ype. Econ. CeoZ., V.54, 
/69-789. 
OlNIJH.A, K., SHHlODA, S., & SUDO, T., 1972: Triangular diagrams in use of CJ 
survey of crystal chemistry of chlorites. l972 Intel'n. Clay. Conf., 
~ladricl, Preprints, Vo.l, 161-171. 
OLADE, H. A. & FLETCHER, \-J.K., 1975: Primary dispersion of rubidium and 
strontium around porphyry copper deposits, Highland Valley, British 
Columbia. Econ. Geol. V. 70, 15-21. 
0 
O'NETLL, r.F., 1948: The hydrothermal alteration of feldspars at 250 C to 
l100°c. t:':an. Ceol. V.l,3, 167-180. 
Qf,VILLE, P.~!., 1963: Alkali :Lon exchange between vapor nne! feldspar phas'"S, 
Am. douP. Sci. V.261, 201-237. 
PETTIJOHN, F.J., 1957: SedimcnLaPy i'Ocks, 2nd Ed., Harper & RoH, NeH York. 
----~-------------------
PLIHER, I. R., 1977; The origin of the albite-rich rocks enclosing the 
cobaltian pyrite deposit at Thackaringa, N.S.W., Australia. 
ivJine1•aZ Deposita> 12. p. 175-187. 
PLilllB, K.A., and BROl-IN, H.C., 1973; Revised correlations and stratigraphic 
nomenclature in the Proterozoic carbonate complex of the 
HcArthur Group, Northern Territory. Bu:t>eau of Minera7 Resow•ces> 
BuZZ. 139, 103-115. 
_____ , & DERRICK, G. H., 197 5; Geology of the Proterozoic rocks of 
the Kimberley to Haunt Isa Region, in Economic Geology of 
Australia and Paptw. New Guinea> ed. C. L. Knight. Australian 
Institute of Hining and Hetallurgy, Honograph 5, 217-252. 
-------,-----,-----' & WILSON, I. H., "Precambrian Geology of the 
HcArthur River - Haunt Isa Region, Northern Australia, "The 
Geology of NE Aust1•alia> (edit. by Henderson, R.A., and 
Stephenson, P.J.), James Cook Univ. Press, Townsville. 
_____ , & SHEET, I. P., 1974; Regional significance of recent correlations 
across the Hurphy tectonic ddge, Hestmoreland area, in Recent 
technical and social advances in the North Australian minerals 
industry> Australian Institute of Hining aad Hetallurgy; 199-206. 
RHEINHOLD, J.J., 1961; Notes on the microscopic examination of the H.Y.C. 
lead-zinc ore, Haunt Isa Hines Limited, Microscopist's Tech. 
Rep. No. 436 (unpublished). 
ROEDDER, E., 1976; Fluid-inclusion evidence on the genesis of ores in 
sedimentary and volcanic rocks; in Handbook of Stra-ta-bound 
and Stratiform Ore Depositsj ed. K.H. Wolf, 67-110. 
RYE, D.H., & HILLIAt'jS, N., 1978; "Stable isotope geochemistry of the 
HcArthur River ore deposits: an epigenetic sedimentary-type 
Pb-Zn deposit?," GeoZ. Soc. Am. Abs. with Progmm> V.lO, 483-484. 
SAHAHA, Th. G., 197Ll; Potassium-rich alkalil.e rocks, in The Alkaline Rocks> 
ed. by H. Sorensen 96-108. 
SANGSTER, D. F., 1972; Precambrian volcanogenic massive sulphide deposits 
in Canada: A Review. GeoZ. Su:t>. Canada Paper ?2-22. 
, & SCOTT, S.D., 1976; Precambrian, stratabound, massive 
------C-u--Zn-Pb sulfide ores of North America, in Handbook of Stl•ata-
bound and s-tratiform Ore Depositsj ed. K.!-l. _~Volf, 129-222. 
SHEARHAN, D.J., 1966; Origin of marine evaporites by diagenesis. 
T1•ans. Inst. Mining Met., B75: 207-215. 
SHEPPARD, R.A. & GUDE, A.J., 1969; Diagenesis of tuffs in the Barstow Formation, Hud Hills, San Be7nardino County, California. 
GeoZ. Soc. Am. Prof. Paper 634. 
SHINN, E. A., GINSBURG, R.N. & LLOYD, R.A., 1965; Recent supratidal dolomite from Andros Island, Bahamas, in Dolomitization and ZimGstone 
diagenesis -a Symposium S.E.P.H. Spec. Pub. 13. 
--------------------·----
SHITH, J.V., 197L,; Feldspar Hinerals; Vol. I, Crystal structure and 
Physical Properties Springer-Verlag, 627p. 
SHITH, J.H. & CROXFORD, N.J.\.J., 1973; Sulphur isotope ratios in the 
NcArthur lead-zinc-silver deposit. Natw'e_, 2L,5, 10-12. 
185. 
·------· , 19975; An isotope investigation of the 
environment of deposition of the McArthur mineralisation. 
t-hnem~ Deposita 10, 269-276. 
STANTON, R. L., 1962; The elemental constitution of the Black Star 
orebodies, Haunt lsa, and its interpretation. Inst. Min. 
Met. TPmw.> 72, 69-12L,, 
_______ , 1972; Ore Petrology: Ne1v York, HcGraw-Hill Book Comp.:my 
713p. 
S\.JEENEY, R. E., & KAPLAN, I.R., 1973; Pyrite framboid formation: laboratory 
synthesis and marine sediments. Econ. GeoL> V.68, 618-63li. 
SWETT, K., 1968; Authigenir feldspars and cherts resulting from 
cloJomitiza~ion of illitic limestones: A hypothesis. Jaw'. 
:,·r;d. Pel;. v.38, \.28-US. 
TAIEB, N., 1974; Evolution of Plio/Pleistocene sedimentary basin of 
the central Afar (Awash Valley, Ethiopia) in, AfaP Br'i:uJeen 
Colll:int:ntal and Oceanic Rifting; Inter-Union Commission on 
Geodynamics, Scientific Report No.l6 : eels. A. Pilger and 
A. Resler. 
TOURTELOT, E. B., & VINE, J.D., 1976; Copper deposits in sedimentary and 
volcanogenic rocks. U.S. GeoL Sw'vey PPoj'. PapeP. 907-6. 
1/AN DEN HEUVEL, l-l.B., 1969; Sedimentation, strati1;_>:aphy and post-depositional 
changes in the sediments of the upper Formation of the Haunt 
Isn Group, North-west Queensland. Ph.D. Thesis, University of 
Queensland (Unpublished). 
VAN EDEN, J.G., 1974; Depositional and diagenetic environment related to 
sulfide mineralization, tlufulira, Zambia. Econ. GeoL> v.69, 
59-79. 
VELDE, I\., 1965; Experimental dctenn:LnaUon of mus~ovite polymorph 
stabilities. Am. Nin. V.50, 436-L,L,9. 
VON DER l\ORCI, C. C., 1975; Ground-\·later tormatton of dolomite in tile 
.Coorong region of South Australia. Geology V.3, 283-285. 
~IALKER, R.G., 1967; Turbidite sedimentary structures and their relation-
ship to proximal and distal depositional environments. Jour>. 
Sed. Pe~. V.37, 25-43. 
\.JALKER' H. N. I HlllR' 
Evidence 
HcArtltur 
H.D., \HLLli\1-lS, N., \HLKJNS, N., & DIVER, \.J.L., l'J77a; 
of major sulphate evaporite deposits in the Proterozoic 
Group, Northern Territory, Australia. Nat;ur•ej 265,p526. 
186. 
______ , LUCAN, R.G., ~~ BlNNEKAHI', J.G., 1977b; "Hecent geological 
advances concerning the H.Y.C. and associated deposits, McArthur 
River, N.T.", J. r;eol. 8G'C. !lust., V.2L,, 365-380. 
\·JALKJm, R.N., & RUNNALLS, N., 1976; Emu Fault Zone report, HcArthur 
District, N.T. Cm'J;entar>1:a Explo1•ation Company 7'echnicaZ 
Ruport No. 648 (unpublished). 
WEAVER, C.E., 1958; Geologic interpret~tion of argillaceous sediments. 
Part 1. Origin and significance of clay minerals in sedimentary 
rocks. BuZZ. Am. Assoc. Pet. GeoZ. V,L,2, ZSL,-271. 
________ , 1973; The chemistry of clay minerals. Elsevier Scientific 
Publishing Company. 
WHiTE, D. E., 1955; Thermal sprhgs and epithermal ore deposits. E'aon. 
Gu)l., 50th Anniversary vo.l., 99-lSL,, 
, 1968; Environments o( ~enerntion of some base-metnl ore 
deposits, Eao•1. Geol. V. 63, 301-335. 
WLLL1AMS, E., SOLOMOM, M., & GREEN, G.R. 1975; The geological setting of 
metalliferous ore deposits in Tasmania. in Gcoloau of 
/oustl'al.inn 01•e Depoiiits. eel. C. L. Kn.Lght, Australasian Institute 
of Mining and Metallurgy. 567-580. 
\HLLIAHS, N., 1976; The formation of sedimentary-type stratiform sulphide 
deposits. Ph.D. Thesis, Yale University (unpublished) JJOp. 
, 1978a; "Studies of the base metal sulfide deposits at 
McArthur River, N. T., Australia I. The Cooley and Ridge 
deposits," E'ccm. GcoZ., V.73, 1005-1035. 
, 1978b; "Studies of Lhe base metal c;uHide deposits at ~lcArthur 
River, Northern Territory, Australia II. The sulfide-S and 
organic-C relationships of the concordant deposits and their 
signHicar.ce," Econ. Geol. V. 73, 1036-1056. 
, 1978c; "The timing of emplacement of .sulphide minerals into 
the fLY.C. Pyritic Shale Hcmber nt rlc!lrt·t·lr River, N.T.," 
7'hil•d ,Ju:Jtl•a[iu.n ueoloc;icaZ ConverLL'ion !1bs. >Jith Pr•oaPalll, p.32. 
, l979a; The timing and mechnnisms of formation of the 
--- ----i;rotcrozoic stratiform Pb-Zn and related mississippi valley-type 
deposits at ~Jc!lrthur River, N.T., !lustral.ia. l're~;cntecl at the 
A.l. ~1. E. Annual 1-leeting Ne1v Orleans; Society of ~lining Engineers 
of A.I.t-\.E. Preprint Number 79-51. 
, 1979b; "Precambrian mineralisation in the Hc!lrthur-Cloncurry 
------reg.i.on, with spcc:lal reference to stratiform Pb-Zn depos.Lts," 
;•!Jc GcwZoeu of !IE Aw:.'.J•ol.l:a, (edH. by llenderson, R.A. and 
Stephenson, P.J.), James Cook Univ. Press, Tmvnsville. 
, [, RYE, D.~l., 1971,; 
-----isolope ratios in the 
Nu LuPe 21,7, 53 5-53 7. 
Alternative interpretation of the sulphur 
1-lcArthur lead-zinc-silver deposit. 
187. 
HIHGHT, T.I .. , & STE\-11\RT, D. B., 1968; X-ray and optical study of alkali 
feldspar. I. Determination of composition and structure state 
from refined unit-cell parameters and 2.V. Jim. M1:n. V.53, 38-87. 
YOilER, H.S., & EUGSTER, H.P., 1955; Synthetic and natural muscovites. 
Geochim. ,,t Cosmoahim . .4c:ta. _, V.8, 225-280. 
ZIHHERNAN, D.O., 1961; HineraJization at ~lorthern Leases, ~lount Is::1, 
Queensland and its surface expression. Ph.D. Thesis, 
Royal School of Nines, London. (Unpublished). 
